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Grace Koh Angelos
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LAKE FOREST OFFICE 
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LAKE FOREST, IL 60045 
(706) 295-9200 

(70a) 29S-78IO FAX

MIAMI OFFICE 
ONE BiSCAYNE TOWER 

MIAMI, FL 33131 
(305) 530-3535 

(305) 530-0006 FAX

November 15, 1990

Ms. Cathy O'Connell 
Proj ect Manager 
Site Response Section
Ground Water and Solid Waste Division 
Minnesota Pollution Control Agency 
520 Lafayette Road 
St. Paul, Minnesota 55155

Re: Requirement to Provide Information
Pig's Eve Dump/Fish Hatcheries Dump

Dear Ms. O'Connell:

Jenner & Block represents CMC Heartland Partners 
("Heartland"). Heartland hereby responds to the Minnesota 
Pollution Control Agency's ("MPCA") Re<3uirement to Provide 
Information ("RPI") addressed to CMC Real Estate Corporation 
("CMC Real Estate").

CMC Real Estate was dissolved on December 11, 1989, 
and thus, is no longer in existence.

Through a series of corporate transactions, CMC 
Real Estate's ownership interest in a 177-acre parcel 
(hereinafter referred to as the "Railroad Parcel") was 
conveyed to Heartland. The Railroad Parcel and the adjoining 
property owned by the City of St. Paul, comprise Pig's Eye 
Dump. The Railroad Parcel is the same property which was 
owned by the Chicago, Milwaukee, St. Paul & Pacific Railroad 
Company ("Railroad") and leased to the City of St. Paul for 
use as a landfill. Attached as Exhibit A is a map outlining 
in black the Railroad Parcel.
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As a recent purchaser of the Railroad Parcel, 
Heartland is responding to the RPI addressed to CMC Real 
Estate.

Heartland's responses to the RPI are set forth 
below. Where appropriate, documents are included herewith in 
response to MPCA's requests for production.

GENERAL OBJECTION

Heartland objects to this RPI to the extent that 

the subject site of the RPI — Pig's Eye Dump/Fish Hatcheries 

Dump — encompasses two distinct, separate and non-contiguous 

facilities. Neither Heartland nor its predecessors have had 

any ownership interest or involvement with the Fish 

Hatcheries Dump. Moreover, Heartland and its predecessors 

only owned a portion of the Pig's Eye Dump as described 

above. Accordingly, unless specified otherwise. Heartland's 

responses to the RPI will be limited to information relating 

to the Railroad Parcel.

REQUEST NO. 1

Identify the full legal name, address and phone 
number of the business or governmental entity, hereinafter 
referred to as "business."
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RESPONSE NO. 1

The "business" is identified as follows:

CMC Heartland Partners, a Delaware general 
partnership

547 West Jackson Blvd.
Chicago, Illinois 60606
(312) 822-0400

Heartland's business involves the ownership, operation, 

financing, leasing, management, sales and development of real 

estate and other properties and interests.

REQUEST NO. 2

How many years has the business been in operation?

RESPONSE NO. 2

Although Heartland was formed on October 27, 1988, 

it was not in operation until it purchased through a series 

of corporate transactions substantially all of CMC Real 

Estate's real estate assets on June 27, 1990. Accordingly, 

Heartland has been in operation for approximately four 

months.

REQUEST NO. 3

Identify the names and current addresses and 
telephone numbers of all current and past owner(s) of the 
business.

RESPONSE NO. 3

The current owner(s) of the business are as

follows:

Milwaukee Land Company, an Iowa corporation 
547 West Jackson Blvd.
Chicago, Illinois 60606 
(312) 822-0400
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Heartland Partners, L.P., a Delaware limited 
partnership

547 West Jackson Blvd.
Chicago, Illinois 60606
(312) 822-0400

The parties listed above have been the owners of Heartland 

since its formation in 1988.

REQUEST NO. 4

Provide a map indicating that portion of the 
site(s) owned or operated by the business. Include leases.

RESPONSE NO. 4

Heartland hereby reasserts its General Objection. 

Without waiving this objection, attached as Exhibit A is a 

map which shows in black outline the portion of the Pig's Eye 

Dump owned by Heartland. The area outlined in pink was 

leased to the City by the Railroad, the owner at the time, 

pursuant to a License dated May 1, 1957 ("Lease No. 65235"). 

Lease No. 65235 was superseded by a License dated August 19, 

1958 between the Railroad and the City ("Lease No. 66368") 

for the use of the same area outlined in pink.

The area outlined in black was leased to the City 

by the Railroad pursuant to an Agreement dated November 6, 

1962 ("Lease No. 69895"). Lease No. 69895 was terminated by 

agreement of the Railroad and the City on November 24, 1978, 

with the termination to be effective as of January 1, 1978.

Pursuant to an Indenture dated March 1, 1978, 

between the Railroad and the City ("Lease No. 82316), Lease 

No. 66368 was modified to enlarge the area leased to the City
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to the area outlined in red. Lease No. 82316 was terminated 

by agreement of the Railroad and the City on November 26, 

1980, with the termination to be effective as of January 1, 

1980.

Pursuant to the terms of these leases, the City is 

responsible for any costs which may be incurred in the 

cleanup of the Railroad Parcel. Copies of Lease Nos. 65235, 

66368, 69895, and 82316 are attached hereto as Exhibit B.

REQUEST NO. 5

Identify all MPCA, Minnesota Department of Health 
and other environmental permits issued by Federal, State, 
county, city or other governmental authorities that the 
business holds and the effective dates for such permits.

RESPONSE NO. 5

Heartland hereby reasserts its General Objection. 

Moreover, Heartland objects to this Request No. 5 because it 

is vague and overly broad. Without waiving these objections. 

Heartland states that because the Pig's Eye Dump was operated 

by the City of St. Paul, Heartland does not have any permits 

relating to the site. Moreover, neither Heartland nor its 

predecessors in the past had any permits relating to the 

site.

REQUEST NO. 6

Identify and list all businesses and industrial 
customers whose garbage and/or hazardous wastes or pollutants 
or contaminants were placed at the site(s). Include waste 
characterization, volume, dates, and current business 
contacts (if known).
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RESPONSE NO. 6

Heartland reasserts its General Objection. Without 

waiving this objection. Heartland states that because 

Heartland did not operate the Pig's Eye Dump, it does not 

have access to comprehensive information relating to the 

identity of customers who placed garbage and/or hazardous 

wastes or pollutants or contaminants at the site. Heartland 

has, however, in the past obtained a limited number of 

documents from the City of St. Paul, the operator of the 

Pig's Eye Dump, and from the MPCA. In reviewing these 

documents, we have discovered the names of parties that may 

have been customers at the Pig's Eye Dump. A list of these 

parties and related information from the City's and MPCA's 

records are included in Exhibit C.

The operations of the Railroad which generated the 

limited amount of Railroad waste (as described in Exhibit C) 

placed at the Pig's Eye Dump are now owned by the Soo Line 

Railroad Company ("Soo Line"), Soo Line Building,

Minneapolis, Minnesota 55440. As part of that purchase, the 

Soo Line acquired the Railroad's liabilities related to those 

operations. Because the Railroad is no longer in existence, 

there is no current business contact for the Railroad.

The Soo Line acquired the liabilities associated 

with the rail assets as part of the Railroad's bankruptcy 

reorganization. On December 19, 1977, the Railroad filed its
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petition to effect a plan of reorganization under Section 77 

of the United States Bankruptcy Act of 1988, as amended. 

Pursuant to Order No. 809 of the United States District Court 

for the Northern District of Illinois, Eastern Division (the 

"Reorganization Court"), the Railroad was partitioned into a 

rail division and a real estate division. The rail division 

was sold to the Soo Line on February 19, 1988. With this 

sale to Soo Line, the Railroad got out of the railroad 

business. Thus, the Railroad's liabilities and obligations, 

if any, relating to the rail activities at the Pig's Eye Dump 

may be the responsibility of the Soo Line.

On July 12, 1985, the Reorganization Court entered 

an order ("Order No. 832") approving and confirming a Plan of 

Reorganization ("Plan"). The Reorganization Court 

established a bar date of January 9, 1980 for pre-petition 

claims and a bar date of September 10, 1985 for post-petition 

claims. On or before August 31, 1979, notice of the filing 

of the creditors list was given to the State of Minnesota. 

Thereafter, on July 22, 1985, a Notice of Bar Dates for 

Claims was served on the State of Minnesota. Minnesota 

brought no claims relating to Pig's Eye Dump before either of 

the bar dates.

Pursuant to the Final Decree of the Reorganization 

Court dated November 12, 1985 ("Order No. 866"), CMC Real 

Estate, as the reorganized company, was vested with all of
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the bankruptcy trustee's right, title and interest in the 

remaining property of the Railroad's estate, which included 

the Railroad Parcel, "free and clear of all claims, rights, 

demands, interests, liens and encumbrances of every kind and 

character." (See Order No. 866, p. 7.) The Plan and Order 

Nos. 809, 832 and 866 are attached as Exhibit D.

CMC Real Estate came into possession of the 

Railroad Parcel free and clear of all claims, including any 

claims which may result from the Railroad's ownership of the 

Railroad Parcel. Thus, CMC Real Estate is not responsible 

for any costs which may arise as a result of the conditions 

on the Railroad Parcel. Because Heartland is a successor in 

interest to CMC Real Estate, Heartland also owns the Railroad 

Parcel free and clear of all claims.

REQUEST NO. 7

Identify and list all transporters of garbage 
and/or hazardous wastes or pollutants or contaminants that 
were placed at the site(s). Include waste characterization, 
volume, dates, and current business contacts (if known).

RESPONSE NO. 7

Heartland hereby reasserts its General Objection. 

Without waiving this objection. Heartland states that because 

neither Heartland nor its predecessors operated the Pig's Eye 

Dump, Heartland does not have access to comprehensive 

information relating to the identity of transporters of 

garbage and/or hazardous wastes or pollutants or contaminants 

that were placed at the site.
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Heartland has, however, in the past obtained a 

limited number of documents from the City of St. Paul, the 

operator of the Pig's Eye Dump. In reviewing these 

documents, we have discovered the name of the following party 

which may have transported garbage to the Pig's Eye Landfill 

for the Railroad; Twin City Waste Disposal. (See Exhibit 

E.) Heartland lacks information regarding the address or 

current business contact of Twin City Waste Disposal. Roy 

Johnson, a former employee of the Railroad, has advised 

Heartland that Twin City Waste Disposal did not transport any 

hazardous wastes, contaminants or pollutants to the Pig's Eye 

Dump for the Railroad.

REQUEST NO. 8

Provide a map indicating the portions of the 
site(s) dedicated to specific uses or specific businesses.

RESPONSE NO. 8

Heartland hereby reasserts its General Objection. 

Without waiving this objection. Heartland has attached as 

Exhibit F, a map showing an area leased to the City of 

St. Paul for a landfill (outlined in black), an area leased 

to the City of St. Paul for the disposal of diseased trees 

(outlined in green), and an area leased to the City of 

St. Paul for the disposal of explosives (outlined in red).

REQUEST NO. 9

How was the garbage and/or hazardous wastes or 
pollutants or contaminants picked up from businesses or
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industrial customers stored (e.g., in drums, barrels, 
dumpsters) for pick up? For transport?

RESPONSE NO. 9

Heartland hereby reasserts its General Objection. 

Without waiving this objection. Heartland states that through 

its interview of Mr. Roy Johnson, it has discovered that the . 

Railroad used containers of varying size to collect garbage. 

These containers were picked up by different waste haulers, 

and transported to and emptied at the Pig's Eye Dump. Other 

than Twin City Waste Disposal, Heartland does not know the 

identity of other waste hauler which may have been used by 

the Railroad or any of the other customers of the Pig's Eye 

Dump.

REQUEST NO. 10

How was the garbage and/or hazardous wastes or 
pollutants or contaminants disposed of (e.g., drums buried or 
emptied and returned) at the site(s)?

RESPONSE NO. 10

See Response No. 9.

REQUEST NO. 11

Identify all persons whom the business consulted in 
the preparation of the response to the Questionnaire, 
including their current addresses and telephone numbers and 
relationship to the business.

RESPONSE NO. 11

Heartland consulted the following persons in 

preparing the response to the Questionnaire:
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Jack Bauer 
Senior Draftsman 
CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0473

Joseph Mariano 
Area Manager 
CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0449

Ray Lamberty 
Vice President of 

Sales and Property 
Management

CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0466

Roy Johnson 
Former Divisions 

Engineer
Chicago, Milwaukee,

St. Paul & Pacific 
Railroad Company 

10301 10th Avenue Circle 
Bloomington, MN 55420 
(612) 881-2274

Robert Yurshak 
Consultant 
5623 West Cortland 
Chicago, IL 60639 
(312) 889-6336

REQUEST NO. 12

Gerald Johnson 
Lease Supervisor 
CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0470

Edward Noftz
Manager of Contracts and 

Support Services 
CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0478

Lawrence S. Adelson 
Vice President and 

General Counsel 
CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0471

Charles Harrison 
Counsel
CMC Heartland Partners 
547 W. Jackson Blvd. 
Chicago, IL 60606 
(312) 294-0488

Identify any other persons who may be able to 
provide a more detailed or complete response to the 
Questionnaire or who may be able to provide additional 
relevant documents.
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RESPONSE NO. 12

The following party may be able to provide a more

detailed or complete response to the Questionnaire:

City of St. Paul 
Department of Public Works 
234 City Hall & Court House 
St. Paul, Minnesota 55102.

Metropolitan Waste Control Commission 
350 Metro Square Building 
St. Paul, MN 55101

The following party may be able to provide relevant

documents relating to the Railroad's placement of garbage at

the Pig's Eye Landfill:

Soo Line Railroad Company 
Soo Line Building 
Minneapolis, MN 55440.

No response to any of these requests is intended to 
be an admission that MPCA is lawfully entitled to the 
information as requested, or that any particular action by 
Heartland subjects it to any statutory, regulatory or other 
requirement.

The above written statements are submitted under 
the notarized signature of a duly authorized official 
certifying that Heartland has made a diligent search of its 
records and has conducted a diligent interviewing process in 
connection with the information request. Although the 
original affidavit is attached, Minn. Stat. § 115B.17 does 
not contain a requirement for such a signature and affidavit. 
Heartland's agreement to provide the signature and affidavit 
is not intended to be an admission that MPCA has the 
authority to require it, or that Heartland is subject to any 
other statutory, regulatory or other requirement. Heartland 
waives no rights in responding to the information requested.

Very truly yours.

Grace Koh Angelos
PIGSEYE.RES
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STATE OF ILLINOIS )
) SS:

COUNTY OF COOK )

AFFIDAVIT OF LAWRENCE S. ADELSON

I, Lawrence S. Adelson, state that I am the Vice 
President and General Counsel of CMC Heartland Partners. I 
certify that CMC Heartland Partners has made a diligent 
search of its records and has conducted a diligent 
interviewing process in connection with the preparation of 
the attached Response.

Lawrence S. Adelson
Vice President and General Counsel
CMC Heartland Partners

SUBSCRIBED AND SWORN to before me this /S’// 
day of November, 1990

Notary Public
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EXHIBIT A

MAP OF THE RAILROAD PARCEL 
AND THE LEASED AREAS
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EXHIBIT B

LEASES BETWEEN THE CITY OF 
ST. PAUL AND THE CHICAGO, MILWAUKEE, 
ST. PAUL & PACIFIC RAILROAD COMPANY
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THIS AGREEMENT, Made this 1st day of May, A. D. I957, by and | 

between CHICAGO, MILWADKEE, ST. PAUL AND PACIFIC RAILROAD COMPANY, a Wisconsin | 

Corporation, hereinafter called "Railroad Company", and CITY OF SAINT PAUL, j

a Municipal Corporation of the State of Minnesota, hereinafter called "Licensee",
i

WITNESSETH

WHEREAS, the Licensee desires the right, license and privilege 

to use for the purpose of detonating, firing, exploding or otherwise destroying 

and rendering harmless, ammunition, fire arms, bombs or other machines and 

devices containing explosive materials or substances, upon a parcel of land 

measuring 100 feet square, being a part of the Railroad Company's property in 

the NE-| NWj^ of Section 10, Township 28 North, Range 22 West, in the City of 

Saint Paul, Minnesota, the location of said parcel of land being more particu­

larly indicated by the broken yellow outline on the plat dated March 8, 1957 

hereto attached and made a part hereof, which right, license and privilege the 

Railroad Company is willing to grant.

NOW, THEREFORE, in consideration of the sum of ONE AND NO/lOO 

($1.00) DOLLARS to be paid by the Licensee to the Railroad Company, the receipt 

whereof is hereby acknowledged, and in consideration of the covenants and 

stipulations hereinafter recited, the parties hereto hereby agree as follows:

1. The Railroad Company hereby grants unto the Licensee the 

right, license and privilege to use said parcel of land for the purposes here­

inabove recited.

2. The Licensee hereby agrees as follows:

(a) That the rights herein granted to the Licensee shall 

be exercised and executed only by duly authorized officers of the Police 

Department of the Licensee.

(b) That live explosives or other hazardous materials, 

no matter how contained, shall not be stored or buried upon said premises, 

except for temporary periods when such explosives or hazardous materials are 

left under guard by members of the Licensee's Police Department.

(c) That the Licensee shall provide warning signs and

other safeguards as may be necessary whenever said premises are used or about 

to be used for the purposes hereinabove recited. TCP\
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(d) That the Licensee shall, and hereby agrees that it 

will indemnify and save harmless the Railroad Company, its successors and 

assigns, from all liability, cost and expense for loss of or damage to property 

of whatsoever kind, and for injury to or the death of a person or persons by 

whomsoever sustained idiich may be caused by, result from, or be occasioned 

in any manner by the exercise of the right, license and privilege herein 

granted.
)(3« This agreement shall extend to and be binding upon the 

parties hereto and their respective successors and assigns; PROVIDED, however, 

that either party hereto may, without liability for damage therefor to the 

other party, terminate this agreement at any time by giving to the other party 

notice in writing of its desire so to do. Upon the effective date of any such 

termination the Licensee shall restore said premises to a condition satisfactory 

for general purposes.

IN WITNESS WHEREOF, the parties hereto have caused this 

agreement to be executed as of the day and year first above written.

CHICAGO, MILWAUKEE, ST. PAUL AND PACIFIC 
railroad COMPANT

Witness

Attest:

By
/jiXy C|ferk 

Countersigned;

•CplT^tr^Le
■ Approuefi BS to form ana exevuiiot

tl-ls /f i ^

■ 77 J.
Awlst^nl Corpnr)>tl(it

FORn APPROVER

CcBMIti S.*,

strial Commissioner

CITT OF SAINT PAUL ,

Mayor

Commissioner of Public Daf&ty

Form approved ^

artr
AFsietant Corooration Counrel

r? Y'\
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; THIS AGREEMENT, Made this 19th day of AUGUST, 1958, by and between
I CHICAGO, MILWAUKEE, ST. PAUL AND PACIFIC RAILROAD COl^ANY, a Wisconsin Corpor­

ation, hereinafter called "Railroad Company", and CITY OF SAINT PAUL, a Munici-
j

pal Corporation of the State of Itinnesota, hereinafter called "Licensee",

WITNESSETH

WHEREAS, the Licensee desires the right, license and privilege 

to use for the purpose of detonating, firing, exploding or otherwise destroying 

and rendering harmless, ammunition, fire arms, bombs or other machines and

devices containing explosive materials or substances, upon a parcel of land
■ r ■

measuring 100 feet square, being a part;of the Railroad Company's property

along the south line and in the southweJiterly part of the SW^ SVJt, Section 3, 

Township 28 North, Range 22 West, in the City of St, Paul, Minnesota, the 

location of said parcel of land being more particularly indicated by the red 

outline on the plat hereto attached and made a part hereof, which right, 

license and privilege the Railroad Company is willing to grant.

NOW, THEREFORE, in consideration of the sum of ONE AND NO/lOO 

! ($1,00) DOLLARS to be paid by the Licensee to the Railroad Company, the receipt 

i whereof is hereby acknowledged, and in consideration of the covenants and 

stipulations hereinafter recited, the parties hereto hereby agree as follows:

1, The Railroad Company hereby grants unto the Licensee the 

right, license and privilege to use said parcel of land for the purpose herein- 

i above recited.

i 2. The Licensee hereby agrees as follows:
!j (a) Tnat the rights herein granted to the Licensee shall

i! be exercised and executed only by duly authorized officers of the Police

j Department of the Licensee.
*1

j (b) That live explosives or other hazardous materials, no
I

i matter how contained, shall not be stored or burled upon said premises, except
I » i ■ • ........................ . > I. . • «. < ' > ■ n » !«»,• I *• « *

for teiqporary periods when such explosives or hazardous materials are left
■I

J under guard by members of the Licensee's Police Department.

(c) That the Licensee shall provide vraming signs and 

other safeguards as may be necessary whenever said premises are used or about 

to be used for the purposes hereinabove recited.

(d) That the Licensee shall, and hereby agrees that it 
will indemnify-and save harmless the Railroad Company, its successors and

-1-

GBPc-r.iS
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aseigns, from all liability, cost and expense for loss of or damage to property 

of whatsoever kind, and for injury to or the death of a person or persons by 

whomsoever sustained which may be caused by, result from, or be occasioned in 

any manner by the exercise of the right, license and privilege herein granted.

3. This agreement shall supersede and replace that certain agree­

ment dated May 1, 1957 between the parties hereto in which the Railroad Company 

granted to the Licensee the right, license and privilege to use a parcel of land 

in the NE-^ of Section 10, Township and Range aforesaid.

4, This agreement shall extend to and be binding upon the parties
f

hereto and their respective successors arid assigns; PROVHED, however, that
f

either party hereto may, without liability for damag^i therefor to the other 

party, terminate this agreement (at any take iby giving'to the other party notice
; ■ ■ ‘ I ■■ ’ ' ■

in writing of its desire so to do. Upon the effective date of any such termin-1 

ation the Licensee shall restore said premises to a condition satisfactory for 

general purposes.

IN WITNESS WHEREOF, the parties hereto have caused this agreement 

to be executed as of the day and year first above written.

CHICAGO, MILWAUKEE, ST. PAUL AND PACIFIC 
RAILROAD COMPANY

By. 5:^
Witness /'"■'^re^br - Industrial and Real Estate 

Development

CITY OF SAINT PAUL
Attest:

;rity Ci^rk 

Countersigned

Mayor

Commissioner of Public Safety

4^ .r.

-2-

I
rlv'^
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IHIw ACRESiiSHI', Made this // daj' oi /■ r:■•■//• b'

REV, 67772 
T.C.T.Llv,

.. A. U.
1962, by and between CHICAGO, fHLV.AUKEi:, 6T. PAUL /JiD PACIFIC iL^.EJ-.CAD COirPAin, 

a l/ificoncdn oorporotlon, hereinafter oallod "licilroad Ccnpary" end Ciri' CF 

SAINT PAl^t a mmidpel oorporation of the State of !:inneeota, hereinafter 

called "City",

That the Railroad Company, in conoidoraticn of the c\]n of OliC 

AIID RO/lOO C$I«00) C0I4AK to It peld by the City, the rooeipt whereof ic 

hereby acknowlodeed, end in further oonei derail on of the faithful performance 

fay the City of all tlie OGreanonts heroin contained, hereby cx'ante UTitc said 

City the right, liconeo aixl privilogo of uslnc for an all pariyxiQ dump tiio 

portion of sold Railroad Cor?>any*8 property at Saint Paul, l^lnno£Ota, chown 

outlined in yellow on the blue print dated August 6, 1962 hereto attached anc2 

made a port hereoft the dumping operations to bo of the so-called Sanitary'

Fill Method with the dump filled in layere of not more than 6 or 7 foot deep 

end covered at the end of each day with earth, rubble or other vasto niatcrlals 

from poving and wrecking Jobs,

SUBJECT Ali'^TS to the observance and performance by the City of 

all and singular the following conditions to be by it observed, kept and p)er- 

fozDod, as follows, to^t)

1, That the City will fill said dump to an elevation to bo 

detezrdnod by the Icailroad Company and that it will supervise said ckrp at all 

tines when the eane le in use, and separate all oonbustible material for 

burning at certain tines on tho filled portion of tho dun^,

2, That tho City will install and maintain a water lino for fire 

protection and provide an outlet for any drainage linos which nay into 

the diuip,
3, That tlie City will perfom all of its work under this agree­

ment at its Bole cost and expones and to the eatisfaction of tlic Cliicf Lngineer 

of said Railrobd Cocipapy or his authorised representative.

li, Tluit tho Citv will Indemnil^r nnd save hazialecs thr^ lu.ilroad

Compary, its succossors and aesigns. , c

DO NOT DETACH
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lose of O’* to r'.roTyirf.y jjy>r? fLrj-?o»*v ->r dofttli of peroono, tjT x/nonooovsr

sustained# which may be caused or cccoeionod in any winner by reason oT the 

work to bo porrorroed m said iiailroad Company's rl£:bt of way.

5, The parties horoto, bv the execution of this license, hereby 

terminote any prior Ucencee of the preinises herein dendsed*

6« TMs agreeroent shall cxterid to and be binding upon the parties 

horoto end their respective successors and assigns | H^OVIDED, however, that the 

Railroad Con^jary may# without liability for denago therefor, terrlnato this 

aeroojDont at any tine by giving to the City six (6) months notice in writing 

and that upon the effective date of such termination, the fillii^: material 

placed upon said Railroad Corapany's prondses shell bcccne the property of the 

Railroad Cosqpany.

HI WITIIECC l-ani2XF, the i»rtieG hereto have caused this agrooroent 

to be executed as of the day and year first above written.

CHICAGO, Jm.V.7.UKEr, IT. PAUL Alu) PACIFIC 
RAILROr.D COimiY

Witness Director - Real Dstato and 
Industrial Development

cm CF iiAiirr paul
Attest*

City Clerk Mayor

Countersignedt

Coofdroller Camroissioner of Public Works
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AJIENDMENT TO AGREEMENT

THIS AGREEMENT, dated this day of
S^pT , 1969i by and between the Chicago,

Milwaukee, St. Paul and Pacific Railroad Company, a 

Wisconsin corporation, hereinafter referred to as 

’’Railroad Company”, and the City of Saint Paul, a 

municipal corporation under the laws of the State of 

Minnesota, hereinafter referred to as ”Clty”j 

WITNESSETH:
WHEREAS, Railroad Company and City have 

entered Into an agreement dated November 6________
1962, whereby the City was granted the right to use land 

owned by Railroad Company for landfill purposes, subject to 

certain conditions contained there, and it is now mutually 

agreed that the said agreement should be amended so as to 

•V provide for an annual rental therefor}

' NOW, THEREFORE, The parties do hereby agree that

that certain agreement referred to above shall be amended 
' ■« 

to add the following provision:

"In consideration for the right to use

the real property of the Railroad

Company for all'purpose dump, the /

City agrees to pay an annual rental,

the amount thereof to be equal to the

amount of annual real estate tax
levied against the real property
which is the subject of the agreement

herein. It is agreed that the annual
cental shall be paid by the City

, , , . ^ — r^vithin thirty (30) days from the date
I'ERMINATED ^ . , ; '

12^ A^reeivie/ot:
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statement together with a request 

for payment therefor from the Rail­
road Company."

It Is further agreed by and between the parties

hereto that this amendatory agreement shall take effect

immediately and that the first annual rental shall be paid

by the City during the year of 1969$ and continue to be

paid thereafter until the agreement shall be further

amended or terminated in the manner therein provided.
• •

It is further mutually agreed by and between the 

parties hereto that all the terms and conditions of that 

certain agreement referred to above shall continue in full 

force and effect, except as modified by this amendatory 

agreement.
%IN WITNESS WHEREOF, the parties hereto have caused 

this agreement to be executed as of the day and year first/ *

:V above written.

CHICAGO, MILWAUKEE, ST. PAUL 
AND PACIFIC RAILROAD COMPANY

In Presence Of:

By ^

ViC£FKl:,lDti.T-llEiMWlAlE/u-m KlOUSTiikM D^V£L0?«.1GA

CITY OF SAINT PAUL 

By

Y OF SAINT PAUL

Approved as to Forii^
Mayor

Asfa‘!i'staiit Corpbji'atioA Counsel

/ yApproved as to fpi;>n and 
execution, this day

, 1969.

Commissioner oi Public Works

AssiKiyant Cor/boraticd Counsel

City Clork

Countersigned:



Term
Effective

Date

Rental

Taxes

Purpose

'N

'•■'V-'Cv ,

3iib«tture NiNN.* , i

Made this _^l^st

CHICAGO

61373^

---- ^ff*«Trw-vi->e-fw»-v/lV» ^-J3AR£tJ,____ » 127.?. by and between the
SfANOnne., G. HUIMAN. c» Trustee, of the property of,

, MILWAUKEE, ST. PAUL and PACIFIC RAILROAD COMPANY
hereinafter referreV^o as 'Itailroad Company," and

.c.ID1.QE.aIx.JLAU]^.

of P 
hereinafter

. 0. address.................234_.CJ_‘y. 55102
inafter referred"to"rn’tf)e"srnguTar”neuter"gen3er“as“‘Yesseer^"""“"”"““"‘""""“

WITNESSETH ;
FIRST: The Railroad Company does hereby lease, demise and let unto the Lessee, the following

piece(s) or parcel(s) of land lying within and being a portion of its property at the station of

SJ[._ PAUL......................... , County........................R^.SEY______, State of _ MINNESOTA
and"descrrbe3"as”forTows, to —

AN IRREGULAR-SHAPED parcel of land containing 117.6 acres, more or less, and 
being part of the Railroad Company's Pig's Eye Yard property in the City of 
St. Paul, in the County and State aforesaid, said parcel located in Sections 
3, 4 and 10, Township 28 North, Range 22 West and lying southwesterly of the 
Railroad Company's hump yard, the location thereof being more particularly 
indicated in red on the plat attached hereto and made a part hereof.

TO HOLD for the term of

JANU/VRY______ , A. D. subject, however, to the right of el ther barty to terminate this
7n3enture"by*gIvTng to the*other”slxty (60) days written notice of Its desi^re so to do and to the 
following express conditions, viz:

I. That the Lessee shall pay as rent for said demised premises the/sum of SIX

THOUSAND AND NO/100 ($6,000.00) ........................................................ f........................ collars
per,____ajrnum, payable ajljma j _____________________________ ____________' "

2a. That the Lessee shall pay all taxes and assessments (Except special assessments for 
permanent improvements) legally levied or assessed against said premises during the term hereof 
or any extenslo/n thereof; and in case of special assessments for permanent Improvements, the 
annual rental will be increased by ten percent (10%) of such assessment; except that the amount 
of taxes payable for the yearinwhich the lease Is terminated sha 11 not exceed the portion thereof 
•accrued from the first day of the year to the effective date of termination.

2b. That the Lessee shall pay all taxes and assessments legally levied or assessed against 
Its improvements located upon the demised premises during the term hereof or any extension thereof, 
and in the event said lease 1 s term!nated. Lessee shall pay the full amount assessed against said 
improvements for the year in which termination occurs.

3, That the Lessee shall use said premises as a site for ._ST0RAGE__0F_J)15^_A§EJL-TREJ&S

and for no other purpose vA^atsoever, unless 
change of use, and that it will not, without 
premises or any part thereof.

the Railroad Company 
like consent, assign

shalI consent 
this lease or

in writing 
under-lease

Land Lease
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4. That the Lessee shall continuously carry on Its business upon said premises in an effi­
cient manner, unless discontinued by written consent of the Railroad Company; that said premises 
shall be used and the business thereon conducted. Insofar as it may affect the Interests and 
operations of the Railroad Company, to the approval of its General Manager; and that it will not 
in any way obstruct or interfere with the tracks of the Railroad Company.

5. That the property herein demised Is leased in Its condition at the date hereof; that any 
and al I facil I ties, I nc I ud I ng overhead end underground fixtures, located thereon shall be maintained 
and operated as heretofore,

6. That the Lessee shall erect upon said premises the facilities appropriate for the uses
herein mentioned, and have the same completed and ready for use within three months from the date 
of this lease; and that all doors on the track side of any building or buildings shall be so con­
structed as to open inward or be of a sliding type.

7. The Lessee agrees to keep said premises and alI Improvements thereon in a neat and orderly 
condition, and to cover al I improvements with one or more coats of approved paint, whenever required 
so to do by the Railroad Company, and that no signs nor advertisements of any description shall 
be permitted to be painted or posted upon said improvements, or about said premises, other than 
those of the business of the Lessee, and as shall be approved by the Railroad Company,

8. It is understood that the movement of railroad locomotives includes some risk of fire,
and the Lessee assumes all liability for and agrees to indemnify the RalI road Company against loss 
or damage to property of the Lessee or to property upon the Lessee's premises, arising from fire 
caused by locomotives operated by the Railroad Company In the vicinity of said demised premises, 
except to the premises of the Railroad Company, and to rolling stock belonging to the Railroad 
Company or to others, and to shipments in the course of transportation.

9. That the Lessee hereby releases the Railroad Company from and agrees to indemnify it
against all loss, damageor injury, caused by or resulting from any act or omission of the Lessee, 
Its employees or agents, to the person or property of the parties hereto and their employees, and 
to the person or property of any other person or corporation, while on or about said premises, and 
If any claimor I i abl 11 ty other than from fire shall arise from the joint or concurring negligence 
of both parties hereto, it shall be borne by them equally.

10. That in any case where the covenants, agreements and releases contained in the two pre­
ceding paragraphs shall be held not to be valid in law, the Railroad Company shall have the full 
benefit of any insurance affected by the Lessee upon the persons or property Injured or destroyed,

11. That the Lessee shall comply with all applicable Federal and State laws and regulations 
and municipal ordinances In respect of the conduct of Its business upon said premises; and shall 
comply withall applicable ordinances, rules, regulations, requi rements and laws of any governmental 
authority controlling environmental standards and conditions on the demised premises. If, as a 
result of Lessee's operations hereunder, any such ordinance, rule, regulation, requirement or law 
is violated. Lessee shall protect, save harmless, defend and indemnify Railroad Company from and 
against any penalties, fines, costs and expense. Including legal feesandcourt costs Imposed upon 
or incurred by the Railroad Company, caused by, resulting from or connected with such violation 
or violations.

12. That any violation of or failure to comply wlth any condltion herein, within thirty (30) 
days written notice of violation, shall terminate this lease without any further notice or act 
upon the part of the Railroad Company, and thereupon it may re-enter and take possession of said 
premises, as by law provided.

13. Nothing herein contained shall affect the right of either party to terminate this lease 
on written notice as herein provided, and in the event of such termination any unearned rental 
shall be refunded.

14. The parties hereto, by the execution of this lease, hereby terminate 
any prior leases of the premises herein demised.

15. Lessee shall, upon any termination of this lease, restore the demised 
premises to its condition prior to the storage of the diseased trees thereon 
and to seed itj^Kto the satisfaction of the Railroad Company and mSCK

Minnesota Pollution Control Agency.

This ogreemenf Is binding on Stanley E. G. Hillman, not os 
an u,div*cluai, but solely in bi$ capacity a» Iiustoe^

82316«Land Lease No. Page Tv«
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S£C0fi&: The Lessee hereby accepts the foregoing lease, and covenants and agrees faithfully
to observe and perform all the terms, conditions and requirements therein contained, and 11 further 
agrees that It will surrender said daeilsed premises at any termination of this lease and will 
on or before the effective date of such termination, completely remove from said premises all 
property ownedor placed thereon by It, and will restore the premises to a state of usefulness for 
general purposes; that failure so to removeall such property shal1 be conclusively deemed abandon­
ment thereof to the Railroad Company, thereby waiving all Its right, title and interest in and to 
such abandoned property; and that in such case the Railroad Company shall, from and after the 
effective date of any termination, be at full liberty to re-enter and take possession of ail the 
demised premises and, at the sole expense of Lessee, to remove therefrom all such property there 
remaining and to restore said premises to a state of usefulness for general purposes, and the Lessee 
hereby binds itself to pay unto the Railroad Company promptly upon receipt of bill therefor the 
entire cost and expanse of such removal and restoration; or, at Railroad Company's own sole option 
to appropriate and dispose of any such property without any liability or accountability therefor; 
but nothing herein contained shall preclude the Railroad Company from any other legal remedy.

No receipt of money by the Railroad Company from Lessee prior to or after the expiration 
date or termination of this lease or after the service of any notice, or after commencement of 
any suit, or after final Judgment for possession of the premises shall reinstate, continue or 
extend the term of this lease or affect any such notice demand or suit.

That the rightor interest created by this instrument shall be subject and subordinate to the 
continuing lienof the First Mortgage datedas of January 1, 1944, executed and del ivered by Chicago, 
Milwaukee, St. Paul and Pacific Railroad Company to Continental Illinois National Bank and Trust 
Company of Chicago, Trustee, and alI mortgages supplementary thereto, and to the Ilen of the General 
Mortgage dated as of January I, 1944, axecuted and delivered by Chicago, Milwaukee, St. Paul and 
Pacific Railroad Company to Harris Trust and Savings Bank, Trustee, and alI mortgages supplementary 
thereto.

All the terms, conditions and covenants of this lease shall, during its continuance, be 
binding upon the Ral1 road Company, its successors and assigns, and upon the Lessee, its successors 
and assigns, and upon the Lessee, its successors and assigns, heirs and legal representatives.

IN WITNESS WHEREOF, the parties hereto have caused these presents to be duly executed as of 
the day and year first above written.

STANLEY E. G. as Trustee, of the property of,
CHICAGO, MILWAUKEE. ST, PAUL and PACIFIC RAILROA

Debtor

Secretary
G. O. GUUUNOWSI^I

VV. L.
pres:

Clerk /

Approved as to Form;

CITY OF ST. PAUL

J>\
Mayor

Director, Department of 
Finance & Management Servx^y

^ /'

y? -iJ. -r:-
.Aset Vise Piesr.dsnt

Lease 8.2 31 6 Page Three
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C. M. St. P & P. R. R. CO.
real ESI ate. economic AND RESOURCE DEVELOPMENT Pt/' I

Plat Showing Property To Be Leased To
CITY OF ST. PAUL 

For: storage of diseased trees

Map 4 
MINNESOTA

Minn.-Dak. Oiv 
ST. PAUL

Minn. 2 
RAMSEY
c<;juNrr

SCALE__400 FFFT PER’inch

TOWN

March I, 197B
3, 4 6- 10 28 North 22 West
Section Township Range

DATE

CHICAGO. ILLINOIS



EXHIBIT C

PIG'S EYE DUMP 
CUSTOMER LISTING
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NAME & ADDRESS

L. City of St. Paul
Department of Public 
Works

234 City Hall & Court 
House

St. Paul, MN 55102

5. Metropolitan Waste
Control Commission 

(MWCC)
350 Metro Square 

Building
St. Paul, MN 55101

DATES

1957 - Present

1969
1970 
1-10/71

1973

11/74

1975

12/77 - 1/78
1978

1979

EXHIBIT C 
CUSTOMER LISTING

VOLUME

Total volume 
unknown

1,390,847
1,557,949
1,463,654

Unknown

26,500
7,500
3,800

33,000
200,000

136,000
Unknown

Unknown

WASTE CHARACTERIZATION 

Unknown

Unknown
Unknown
Unknown

"Refuse" from the 
Metropolitan Waste 
Water Treatment 
Plant (MWWTP).
Ash material.
Topsoil.
Topsoil mixed with silt 
and sand.
Ash mixed with silt. 
Fill material from ex­
cavation work at the 
MWWTP

Sludge incinerator ash. 
Grit and Screening

Concrete, scrap wood.

CURRENT
CONTACT

Unknown

Unknown

DISPOSAL
AREA^^

Unknown

Unknown

Unknown
Unknown

Unknown
Unknown

See Fig. 1
15' west of ash
ponds-''
Unknown

1/
2/

3/

Volume is in cubic yards unless otherwise noted.

"Disposal Area" denotes specific areas within the Pig's Eye Dump. 

It is unclear whether this is within Pig's Eye Landfill proper.
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6.

() 776-8511.

Selby District 
Commercial

5/20/69

VOLUME
NAME & ADDRESS DATES rYD.^^

1980 100,000

3. Shafer Construction Co.-^ 
Forest Lake, MN

1978 Unknown

4. St. Paul Water Dept.
277 N. Hamline Ave.
St. Paul, MN 55104

1978 Unknown

5. Whirlpool Corporation
Payne Avenue

Unknown Unknown

274

WASTE CHARACTERIZATION

scrap metal, metal drum, 
household garbage and 
paper, and demolition 
debris.

Ash from incineration of 
wastewater sludge.

Fill for a haul road.

Excavated material from 
the Pig's Eye Dump.

Unknown

Unknown

CURRENT
CONTACT

Unknown

Unknown

Unknown

Unknown

DISPOSAL
AREA

See Fig. 2 

"Wetland"^/ 

"Wetland"^/

Unknown

Unknown

Shafer was working under a contract with MWCC.

^ The document with the information relating to this disposer states that the fill was placed in the "wetland" 
area. We assume that this is referring to the Haul Road at the Pig's Eye Dump.

^ The document which relates to this information states that this material was placed in the wetland area east of 
tree chipping facility at the Pig's Eye Dump. The exact location is uncertain.

-2-
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St. Paul & Pacific 
Railroad

VOLUME

steel strapping and 
food from refrigerated 
cars.

current DISPOSAL
NAME & ADDRESS DATES fYD.^^ WASTE CHARACTERIZATION CONTACT AREA

7 . Ramsey County
Recreation Dept.

5/69 48 Unknown Unknown Unknown

8. Phallen Area
Commercial Council

5/69 98 Unknown Unknown Unknown

9. East Side Community 5/17,18,22/71 275 Unknown Unknown Unknown

10. Madel Neighborhood 
Beautification

5/17,18,22/71 329 Unknown Unknown Unknown

11. Dayton's Bluff
Community
Center

5/17,18,22/71 68 Unknown Unknown Unknown

12. Minnesota Mining & 
Manufacturing 

( ) PR6-8811,
Ext. 6134

Unknown 20-25
loads/wk

Unknown Unknown Unknown

13 . Haul-A-Way System 10/61 - Unknown 5/wk Unknown Unknown Unknown

14. McKnight Bros.
South St. Paul, MN Unknown 4/wk Unknown Unknown Unknown

15. Chicago, Milwaukee 1969-1972 370/wk^/ General garbage, dunnage. Company does Unknown
not exist.

This information was obtained from a hand-written memorandum found in the City of St. Paul's files and reflects 
the average volume for the period between May 26, 1969 and July 20, 1969. The memorandum references Roy Johnson as 
the City's contact at the Railroad. Roy Johnson, a former Railroad employee, has advised Heartland that the weekly 
volume varied.

-3-



m NOTE: Because this information has been gathered from old documents, some of which are handwritten and not entirely legible, 
o Heartland has responded to the extent reasonably possible. A copy of this documentation is attached and is identified by number to

correspond to each of the listed customers.

-4-
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DOCUMENTS 3JEIATING TO;

THE CITY OF ST. PAtTL (EXHIBIT C.l)
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THE DEPARTMENT OF PUBLIC WORKS
OF THE

CITY OF ST. PAUL

TO:

FROM:

DATE:

SUBJECT:

INTER-OFFICE COMMUNICATION

MEMBERS OF SOLID WASTE TRANSFER STATION SITE SELECTION COMMITTEE:

Mrs. George Latimer, Chairman
Mr. William Gillespie
Mr. Burnell Beerman
Mrs. Sharon Powell
Mr. Daryl Thayer
Mr. Gary Norstrem

ADVISORY MEMBERS:

Mr. Richard Schnarr 
Mr. Patrick Bradley 
Mr. Eugene Macauley - i-T/

DONALD E, NYGAARD, ASST. ENGINEER OF MAINTENANCE SERVICES 

NOVEMBER 18, 1971

IDEAS ON SOLID WASTE TRANSFER STATIONS FOR THE CITY OF ST. PAUL

At your November 11th meeting I was asked to draw up a preliminary 

report to serve as a guideline for the committee on the subject of transfer 

operations in St. Paul. It was requested that we include some technical data 

on the tonnages of waste that are received at Pig’s Eye and, of course, the 

tonnages that should be provided for in transfer stations. Several of us in 

the Maintenance Services Department of Public Works have been giving thought 

to transfer stations over the past four or five years. They first were con­

sidered in conjunction with our present Pig's Eye Disposal site and now, of 

course, in terms of transfer stations with the ultimate disposal site being 

a considerable distance from the City and, very likely, some place in Washington 

County. In my judgment there are three key areas to be considered in the subject 

of transfer stations. First it must be explained to our citizens why there is 

a need for transfer stations and what they will accomplish; second, what are
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the standards and criteria for a good transfer type operation; third, how 

many transfer stations would be needed in St. Paul and where should they be 

located; and finally, how shall the transfer stations be financed and operated.

I will discuss each of these points. It is hoped that some of these thoughts 

will be helpful to the committee.

I. DEFINITION OF THE PROBLEM - WHY ARE TRANSFER STATIONS NEEDED IN ST. PAUL?

A. For many years the City of St. Paul had two landfill facilities, Fish 

Hatchery and Pig's Eye. Fish Hatchery, a 38-acre site was located 

immediately south of Warner Road just westerly of the intersection 

with Trunk Highway #61. It was used primarily by private citizens 

bringing their own refuse down to the disposal site. Fish Hatchery 

was completed this past spring and completely covered over with earthen 

material, landscaped, etc., and fenced off. It has been standing 

vacant since then.

Pig's Eye Landfill which is located south of Fish Hatchery 

and immediately adjacent to the Sanitary Waste Water Treatment Plant 

was and is the major landfill facility in St. Paul. It comprises 

approximately 320 acres and will generally take two 7-foot lifts over 

the entire area. At the present time we have one 7-foot lift over 

the whole site and are working on the second one. All refuse hauling, 

including private and City and all commercial for the City of St.

Paul, as well as most of the surrounding suburbs, is being hauled 

into Pig's Eye. The Minnesota Pollution Control Agency has put the 

City of St. Paul on notice that Pig's Eye Landfill site must be shut 

down no later than July 1, 1972. The reason for this being that it 

is within the flood plain of the Mississippi River and is contrary 

to State Laws.
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B. Since Pig's Eye is the only disposal facility in St. Paul, it takes 

an enormous quantity of refuse. In 1969, 1,390,847 cubic yards were 

disposed of at Pig's Eye, or 345.712 tons. In 1970, the quantity 

of refuse disposed rose to 1,557,949 cubic yards, or 389.488 tons.

So far in 1971 we have the following figures by month;

January 111,385 cu. yds. - 27,846 tons

February 107,719 It 1 - 26,929 If

March 140,653 It 1 - 35,163 II

April 174,500 II
- 43,625 ft

May 155,508 II
- 38,877 It

June 169,060 II
- 42,265 II

July 161,653 tl
- 40,413 It

August 156,236 II
- 39,059 II

September 145,970 11
- 36,492 II

October 140,770 It
- 35,192 If

The average daily quantity of refuse disposed at Pig's Eye is 5,500 

cubic yards, or 1.375 tons per day. This figure is based on the unit 

weight of one cubic yard of combined refuse including garbage and 

rubbish, of 500 pounds per cubic yard. Federal guidelines indicate 

that at the present time one person generates about 5.3 pounds of 

refuse per day. If we run this out on the basis of, St. Paul's 

population, slightly in excess of 300,000, this works out to be 

about 750 tons of refuse generated per day. It is estimated that 

by 1980 the figure of 5.3 will have grown to 10 pounds per person 

per day, or about 1,500 tons per day in St. Paul. You will note that 

the 5.3 figure per person per day, or 750 tons per day, is somewhat 

less than the 1,375 tons disposed at Pig’s Eye. Obviously, this 

comes about because most of the surrounding suburbs, including
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West St. Paul, South St. Paul, Roseville, and Maplewood, and other 

suburbs are hauling large quantities of their refuse into Pig's Eye.

In my judgment we should be designing transfer facilities for St.

Paul to accommodate 2,000 tons per day based on a 10-hour work day.

This would provide capacity for a projected refuse quantities 

through 1980.

C. Since the Pig's Eye Landfill site will bfi closed down by the State 

on July 1, 1972, a little more than six months away, and since Pig's 

Eye is presently handling approximately 1,375 tons of refuse per 

day, an enormous quantity, and since it is very unlikely that another 

landfill facility will be found close to St. Paul and, more than likely, 

it will be a joint facility with Washington County located some place 

east of St. Paul, it's very important that intermediate transfer 

stations be constructed whereby the smaller collection trucks can

dump refuse at these points and the refuse would then be hauled in 

large 75 to 100-cubic yard semi trucks out to the final disposal 

site.

D. What present transfer stations and facilities are available in St.

Paul? American Hoist and Derrick has shown the way to this point. 

American Solid Waste Systems, a subsidiary of American Hoist, 

recently constructed a small transfer station on Rosen Road easterly 

of the Midway Stadium. It's a small station of approximately 250 

tons per day capacity. American Systems also constructed a solid 

waste baler in the Riverview Industrial Area of St. Paul in con­

junction with the transfer station. The baler compresses the solid 

waste into a block approximately 3'x3'x4%' weighing 2,500 pounds.

The bales are then ahuled to a landfill site in Inver Grove.
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II.

American Systems estimate that their baler will handle up to 1,000 

tons per day operating two shifts with ultimate disposal costs being 

about $1.80 per ton. This figure covers the baling operation and 

disposal. American Systems are operating the baler with a 3-man 

crew. In the event Pig's Eye is closed down on July 1, 1972, the 

City of St. Paul would have available within the corporate limits 

the baler that would handle 1,000 tons and the Midway Stadium transfer 

station which could handle 250 tons, or a total capacity of 1,250 tons 

per day. Atl;tK~ee'e of 'the-ae »£aeiliei:»a weuld'-then total l',^00i^ecms • 

o£>' pog So, on paper at least, there would appear to be

enough capacity to handle the generation. In our judgment from a 

practical standpoint, we can foresee enormous problems in attempting
TWO

to handle the peak disposal at these tHyaa sites. It would appear 

that traffic problems would be enormous and that we would have 

literally "mountains of refuse piled up". However, as a stop-gap 

measure until additional transfer stations could be constructed, it's
TWO

possible that these facilities could handle the load.

WHAT ARE THE CRITERIA AND STANDARDS OF A GOOD TRANSFER STATION OPERATION?

A. As a rule they should be located in an industrially or light indus­

trially zoned area. Or, in any case, they should be located on 

property that is buffered from residential areas and commercial 

areas as much as possible. Transfer stations that have been built 

within the Twin Cities and in other cities across the country have 

oftentimes been forced onto locations that are not entirely desirable, 

but public reaction is sometimes bitter to a transfer station similar 

to a landfill disposal site, although it has been proven that odors, 

noise, and other pollution factors are very minimal at a transfer 

station operation.
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B. You must have good vehicle access to the site. This includes both 

the private vehicles and compactor refuse trucks coming in to dispose 

at the transfer station and, also, the huge 75-100 yard transfer 

trucks that haul the refuse out. Oftentimes it is desirable to 

locate a station at the intersection of possibly a freeway and a 

major arterial. The major arterial can bring the refuse compactor 

trucks and small vehicles in and go out the same route, whereas the 

transfer trucks would come off the freeway. The point is that the • 

station must be located in an area that has good truck access.

C. Transfer stations are facilities that house a composite of various 

types of specialized equipment. The specialized equipment could 

include loaders, tractors, clamshells, stationary compaction equip­

ment, large semi type tractors, etc. All of this specialized equip­

ment is put together within a structure. The point being there is 

probably no one best "package unit" or brand name as such, rather

it is a case of designing a structure and specifying the type of 

equipment to be installed within the structure that you feel best 

fits the need.

D. Transfer stations should be located as close as possible to the 

centroids of the collection operation. Obviously, to keep collection 

costs as low as possible, the transfer stations should be located 

strategically to service the collection routes. The general trend 

across the country is to build larger transfer stations and fewer

of them.

E. Transfer stations must be operated efficiently and kept "spotlessly" 

clean. All efficiently run stations are completely cleaned out at 

the end of the day and washed down with fire hoses. Most of the
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modern transfer stations built today are of the pit-type where the 

refuse trucks will back in against a railing and dump their load into 

a large pit. The transfer trucks themselves will then be loaded at 

a lower level from the pit. It has been proven that there are 

extremely high volume "surges" where for no explainable reason the 

volume of refuse coming in will be tremendously high. Therefore, it 

has been found practical to oversize the pits in order to hold the 

refuse so that it does not pile up on the floor and, also, that you 

don't have compactor trucks and other vehicles backed out into the 

streets.

F. More of a technical nature, of course, transfer stations must be 

spotted accurately on maps and length of haul to the disposal site 

should be computed, travel times also checked, also, a careful analysis 

should be made of all costs involved in the operation. The whole 

question of transfer stations, both where they should be located and 

the number of stations, is a question of economics and bears very 

close and careful cost studies and analysis.

III. HOW MANY TRANSFER STATIONS ARE NEEDED IN ST. PAUL AND WHERE SHOULD THEY 

BE LOCATED?

A. Transfer stations are, of course, rated by the capacity of refuse 

that they can handle per day. Usually it is based on a capacity 

for a lO-hour work day. Typical sizes would be a 250 tons per day, 

500 tons per day, 750 tons per day, 1,000 tons per day, 1,500 tons 

per day, or even 2,000 tons per day and larger. At the present time 

we are generating approximately 1,375 tons of refuse per day at Pig's 

Eye so, to replace it, we are talking about possibly two transfer 

stations with a capacity of 750 tons per day, or possibly at the very 

most, three transfer stations of 500 tons per day capacity.
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B. The rule of thumb often used in determining if you need transfer 

stations is if your haul is longer than 15 miles, it's usually 

feasible to construct a transfer station. Obviously with the future 

landfill to be located someplace east of St. Paul in Washington 

County, possibly, there is no question that the haul will far exceed 

the 15-mile rule of thumb. Then, we must ask, how many transfer 

stations are needed within St. Paul and where should they be located.

C. We must first bear in mind that all the refuse for the entire City 

of St. Paul as well as most of the surrounding suburbs, is presently 

being hauled to Pig's Eye itself. So, we could start off by consid­

ering one huge transfer station that would handle 1,500 tons per day. 

According to today's standards of transfer stations, this would not 

be an unduly large station. San Francisco recently constructed a 

2,000 ton per day facility with a potential of expanding it to 5,000 

tons per day. It was put in operation in October of 1970 and has 

been working out very well. It has space for 16 compactor trucks

to dump into a pit about 65' wide and 220' long, with stalls at a 

lower level for two transfer trucks to be filled at the same time. 

Incidently, the San Francisco facility is operated with only 5 men. 

The idea of one large transfer facility for St. Paul should not be 

dismissed too quickly.

D. The next step would be to consider possibly two transfer stations 

located at strategic points around the City. They would be smaller 

stations of approximately 750 tons per day capacity. We may also 

consider three transfer stations, about 500 tons per day each, which 

would further aid the convenience of the collection operations. In 

our judgment it is not practical to consider transfer operations for 

a city the size of St. Paul smaller than 500 tons per day since the
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operating overhead for these facilities tends to get somewhat out 

of hand. So, we are talking about possibly three locations for 

transfer operations. Within the Maintenance Services Department 

of Public Works, we've looked at several locations around the City 

that may be considered for transfer facilities, and we'd like to 

suggest them to you:

1. Fish Hatchery Landfill site on Warner Road westerly

of Trunk Highway #61. This is the site of the old landfill facility. 

The whole site comprises 38 acres, however, there is a large area 

approximately 15 acres as you come in the main entrance off Warner 

Road, that is owned by the Port Authority and would be an ideal 

location for a transfer facility since it could be buffered from 

Warner Road. The railroad tracks are located on the south and with 

Warner Road on the north. Trunk Highway #61 to the east, and then the 

Freeway 1-94 just a little bit to the north, it makes an ideal loca­

tion from a traffic standpoint. Also, it has been an established 

landfill site and has proven out as an effective location.

2. Midway Station Transfer Facility - This is the present 

site of the American Systems Transfer Station on Rosen Road easterly 

of Midway Stadium. The existing station is a very small facility 

rated at about 250 tons per day and probably is not well suited for

a large scale municipal operation. It is an excellent location and 

possibly this facility could be enlarged or reconstructed to a transfer 

facility of at least 500 tons per day capacity or larger. It would 

serve the whole northwest quadrant of the City very well and there 

is excellent access to it.
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3. Case and Mississippi site - This site is located just 

easterly of the frontage road along 35-E at the intersection of Case 

and Mississippi. Generally it is south of Maryland. This property 

was formerly the site of the Department of Public Works borrow pit.

It has been filled in over the last year and landscaped and possibly 

would be a good site for a transfer facility. It has excellent 

access since the frontage road ties directly into 35-E and would 

serve the whole northeast quadrant of the City.
4. Southwest ^^^er of Jackson and Arlington - This is 

privately owned property, however, we have considered it as a potential 

site for a transfer facility. 35-E is located less than one-half mile 

east of this location and we have both Jackson and Arlington which

are major arterials. Also, the Soo Line Railroad tracks are adjacent 

to this property on the west which, if rail haul was ever considered, 

it would make this location suitable. Also, the tracks are up quite 

high which buffers the location from the west.

5. Pleasant and View Location - This is presently the site 

of the Maintenance Services Department yard facility. It is located 

between the railroad tracks on the north and the freeway which is not 

yet open, is immediately on the south. It would have good access to 

the Freeway. In our judgment it is a good location for the southwest 

portion of the City which would service the Highland Park area. It's 

very possible, depending on the size of the transfer operation, that 

there would not be enough property available here to operate it and

I believe the State Highway Department has also put some restrictions 

on the number of cars that can use this yard area since the entrance 

and exit to it is itranediately off a ramp to the Freeway. It's worth 

looking into further, however, and there may be another site in this 

immediate area that would also be suitable.
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The sites mentioned above are either tax forfeited property 

or are in the City's name and would be reasonably easy, possibly, 

for the City to acquire them. We don't feel that this search should 

be limited to only this type of property, and we should also be 

looking at locations that are privately owned now and, of course, 

would have to be purchased. In my judgment, 1-94 which runs through 

the whole middle section of St. Paul from east to west would be a 

"key" in looking for a site. I think all property along the Freeway 

should be looked at since undoubtedly the transfer trucks themselves 

would be using the Freeway out east into Washington County.

IV. FINANCING AND METHOD OF OPERATION OF TRANSFER STATIONS. Along with the 

determination of how many stations should be considered and their 

locations, another very important factor to the City is the method 

of financing an^peration that is chosen. Should it be financed through 

general revenue bonds and operated by the City on a fee basis, should 

it be financed and built entirely by private industry, or just what 

method of operation should be chosen. We have listed a number of 

ideas on this subject:

A. TO BE CONSTRUCTED AND OPERATED ENTIRELY BY PRIVATE INDUSTRY.

The City of St. Paul would specify the exact locations 

and furnish the property and specify the size of the station and the 

general type, however, from that point on, the private industry would 

completely design, construct, and operate the facility. Rates would
Nation

be subject to nagoti-atj nn by the City Council.

B. TO BE FINANCED BY THE CITY OF ST. PAUL THROUGH THE SALE OF REVENUE 

BONDS WITH THE BONDS TO BE PAID OFF BY THE USER FEE.

1. "In-house" design and construction by the Department 

of Public Works and the operation by City forces. User fees would
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be set up similar to our present landfill operation to pay off the 

revenue bonds in, say, a 10-year period.

2. The City to specify the location of transfer facili­

ties and have private consulting firm design and construct the 

transfer stations and turn them over to the City to be operated by 

City forces. User fees would be charged. This is the standard 

"turn-key" approach.

3. Same as #2, except carry it one step further. Private 

firm design, construct and operate the facility. User fees required 

by City, but contract to be awarded on basis of low figure, dollars/ 

ton of refuse disposed. This figure would then be paid to the City 

for every ton of refuse disposed at the station to pay off the 

revenue bonds.

SOME RANDOM THOUGHTS;

1. It's doubtful that the P. C. A. will budge from the 

Pig's Eye closing date of July 1, 1972. Therefore, it's crucial that 

plans for at least one large transfer facility proceed with all due 

speed. Seven months to locate, design, and construct a facility is 

"shaving it very close".

2. The biggest problem will be to educate our citizens 

and elected officials as to the need for the transfer stations.

Once the need is recognized and the financing provided, it's no 

great problem to design and construct them.

3. Any plans for transfer facilities should include pro­

visions to separate metals, glass, paper, etc. may not be incorporated 

immediately but space must be provided to expand into recycling.
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4. We are preparing a survey of all transfer facilities 

in the Metropolitan Area. Locations, sizes, types, hours of opera­

tions, and fees will be recorded. We will also prepare a slide 

presentation of the existing facilities.

5. Once the idea of transfer stations has been estab­

lished with our citizens and public officials, but before we start 

designing the actual facilities, that a representative of the Public 

Works Department and a representative of the private hauling industry 

make a close field inspection of two or three of the most modern 

transfer stations in the country. A.P.W.A. in Chicago can give us a 

listing. A report would then be prepared outlining the most up-to-date 

features and thinking that should be included. In my judgment this 

should precede the selection of a consultant or any of the technical 

work.
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Refuse from the‘Metro; 
politan Sewer Board’s 
Pig's Eye treatment jgant 
is being dumped in that 
area — just a stone’s 
throw f5rom Ihe St. Paul

(PCA)' engineers viewed , 
the "grit and screenings** • 
disposal area Tuesday, 
they termed it a "dump" 
which "does not meet the 
criteria a sanitary 
landfUl."

THE PCA ENGINEERS

the river's flood- 
The treat ment*^"^

within
plain/ ____
plant’s disposal area 
"also within the floodplain.

After the Dispatch 
covered the site Monday, ‘ 
sewer plant officials saidthrow from Ihe St. Paul • THE PCA ENGINEERS omciais saitt

landfill that was closed by inspected the disposal site
the state eight months ->.the thick brush of the depositing inorganicthe 
ago

MAYOR LAWRENCE 
Cohen said his office will 
order the sewer plant to 
"clean up" the dump over 
the weekend or else face 
an injunction in Ramsey 
Dis^ct Court Monday 
mt|^g.

Assistant City Attorney 
Dan Fickes 
"is a defi.

Mississippi River flood- 
plaih just east of -the 
treatment plant — after 
the Dispatch inquired 
whe^er the Sewer Board 
had a dumping permit.

Following the inspec­
tion, PCA staff engineer 
Mike Zagar said he will 
recommend that the ma­
terial from 1^ sewage 
plant be dispq^d of else­
where. *
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er board, 
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tified"'. 
the piles of 
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1 material.
ter Minnesota Pollu­

tion Control Agency
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’grit" in the form of sand 
and dirt that enters the 
sewage plant and is sepa­
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in the form of paper, rags,- 
wood, and other untreat- 
able refuse caught before, 
it enters the plant.

But the disposal area is 
also littered with garbage 
bags, large boxes, tires,- 
55-gallon drums, refuse,/ 
garbage cans, fiber; 
drums and other refuse 
which obviously was not' 
screened from the sewers. *

ON TUESDAY, a Metro- 
politan Sewer Board 
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and photographed dump-' 
ing a load of cans, rags, 
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Area 612, 222-8423350 Metro Square Building, 7th & Robert Street, Saint Paul, Minnesota 55101

Decanber

Mr. Robert A. Silvagai, Director - ^
Division o£ Solid Waste 
Minnesota Pollution Control Agency 
1935 W. County Road B-2 
Rosville, Minnesota 55113
Subject: Pemit Nos. 8292 and 8293 for Metro Plant Projects 71-06 and 71-07

Dear Mr. Silvagni:
This is our report to the MPCA on the disposal of waste material under the 
above permits for the month of November as requested in your letter to the 
Metropolitan Sewer Board dated November 7, 1974.

Disposal for the projects was as follows:

Project 71-06 - Pretreatment Facilities (Permit No. 8293)

Type and Quantity - Approximately 26,500 cubic yards of ash material 
Origin - Siibcut excavation (see attached photo)
Disposal Location - Port Authority property (see attached photo)

Black topsoil mixed with silt is stockpiled on Project 71-06 site

Project 71-07 - Primary Tanks (Permit No. 8292)

Type and Quantities - 7,500 cubic yards black topsoil
3,800 cubic yards topsoil mixed with silt and 

sand
33,000 cubic yards ash mixed with silt 

Origin - Subcut excavation (see attached photo)
Dis^sal Location - Black topsoil - stod^iled on Project 71-07 site

Topsoil mixed with silt and sand - hauled to 
Project 71-04

Ash mixed with silt - hauled to Port Authority 
property (see attached photo)

20C3087
An Agency of the Metropolitan Council of the Twin Cities Area 

Anoka County • Carver County • Dakota County • Hennepin County • Ramsey County • Scott Couhty • Washington County
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Mr. Robert A. Silvagni 
Page 2
December 10, 1974

Disposal of waste material from the above projects is in accordance with the 
letters from MPCA as follows:

1. Hugh L. ISfcConnell to Kraus-Anderson Construction Co. dated Novanber 27,
1974;

2. Hugh L. McConnell to Kraus-Anderson Construction Co. dated November 29,
1974;

3. Hugh L. McConnell to Metropolitan Sewer Board dated December 6, 1974; and

4. Field inspection and review of waste disposal by Hugh L. McConnell
and K. Larson of MPCA and Metropolitan Sewer Board, and contractor 
representatives, December 6, 1974.

Disposal operations will continue as per oxrrent procedures and will be reported monthly 

Yours very truly,

METROPOLITAN SEWER BOARD

Ri charcKiD Dougherty 
Chief Administrator

RJD:R0F:sil

Enclosures

CC: S. E. Linsley, MWWTP
Walter Vanderltorght, Resident Engineer, MSB 
Ken Foster, Resident Engineer, MSB 
R. 0. Folland, Chief Construction Engineer, MSB 
Lonnie E. Dye, Chief Engineer, MSB 
Donald Eichers, Staff Engineer, MSB

2CCGC!86
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October 16, 1975

Mr. Gary A. Pulford, Chief 
Section of Enforcement 
Solid Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B-2 
Roseville, Minnesota 55113

Dear Mr. Pulford:

01405

CITY OF SAINT PAUL

oDEPARTMENT OF PUBLIC WORKS

DANIEL J. DUNFORD
DIRECTOR

RE; City of St. Paul Pig's Eye Landfill Site

This will confirm the discussions between you and Messrs. Scott Gilbertson and 
Michael Eggum from this office at the Pig's Eye Landfill site on October 10, 
1975. You had made a previous inspection a little over a month ago and sub­
mitted a letter to us dated September 5, 1975 wherein you indicated additional 
work was required before the landfill could be certified as closed. The Depart­
ment of Public Works has arranged for considerable work on the site over the 
past several weeks and we believe that all of the points covered in your letter 
have now been taken care of. Mr. Gilbertson indicated to me that, based on your 
inspection, you also felt that the site now meets the requirements with the one 
exception of the seeding.

There will be additional filling done over the next few months and, also, into 
the spring of 1976. The Department of Public Works will make arrangements to 
seed the entire site once the filling is completed. We will use a rye seed 
applied at the rate of 100# per acre as specified in Section 3876 of the 
Minnesota Highway Department specifications.

The Bolander Construction Company is doing the excavation work at the Metro­
politan Waste Water Treaument Plant. It was estimated when they started that 
approximately 200,000 cubic yards of fill would be disposed of on the landfill 
site. We understand that Bolander is about half complete with this excavation 
contract and the balance should be finished up within the next month or two.
We have marked the area in red on the attached drawing where Bolander will 
dispose of additional material this fall.

We believe that there is now adequate fill material over the site to comply 
with the regulations but we have been advised that there will be another 
excavation contract at the Metropolitan Waste Water Treatment Plant next spring. 
We have requested through Mr. Clifford Ramsted, Chief Engineer for the St. Paul 
Port Authority, that the landfill site be designated as the disposal site in 
that contract so there will be a considerable quantity of fill added next year.

We are now processing the necessary forms to register the landfill site with 
Ramsey County as required by the law and we will forward a copy of it to you 
once it is completed.

20C0093

234 City Hall, Saint Paul, Minnesota 55102
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Mr. Bruce Brott
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, MN 55113 .
Subject: Metro Ash Disposal Project
Dear Mr. Brott:
We have performed additional leachate tests on ash from the 
Metropolitan WWTP to determine chromium values. The values 
determined are listed below:

Total Chromium (mg/1)

Wl 
W2 
Al 
A2
It appears that leachate levies for chromium are consistently in 
the range of 2.0-9.0 mg/1 for Wl values and 1.0-2.0 mg/1 for W2 
values. Although these levels are higher than ash pond discharge 
values, it is our opinion that leaching will be minimized by soil 
cover,vegetative cover, and gradation.
It should be noted that although chromium levels may exceed drinking 
water standards, the existing groundwater is of poor quality and 
would never be considered as a public water source. Chromium is only 
a health concern in the hexavalent state, however, with time the
valent chromium is of low toxicity to both plants and animals and 
should not present a problem at the levels indicated in the leachate 
test.

n
In summary, the combination of factors mentioned above mitigate the 
potential impacts of chromium leaching. We again request that irranediate 
action be taken towards issuance of required action. We will assist 
in any possible manner to expedite this process.

Very truly yours,

Bernard J. H^ington 
Director of Engineering

BJH:WGM:bdw 1D0044Z
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Table .1
CHEMICAL CHARACTERISTICS OF METRO PLANT 

SLUDGE INCINERATOR ASH

Parameter Concentration
October 1977* November 1977 ^

(mg/ kg) (mg/ kg)

Ag — 77

Al — 29,700

Ba — 166

Ca — 242,000

Cd 47 50

Co — 20

Total Cr 2.824 1,180

Cu 2,170 1,820

Fe — 15,100

Hg 0.11 Negligible

Mg — 12,600

Mn — 233

Ni 533 96

Pb 571 60

Zn 2.548 1,070

pH — 10.75

a Grab sample of ash collected and 
analyzed by the MWCC.

b Grab sample from ash lagoon 
collected and analyzed by CHzM HILL

1000441
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November 21, 1977

NOV 2 11977
MINN. POLLUTION 
eONTROL AGENCY.

Mr. Bruce Brott
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, MN 55113
Subject: MWWTP Ash Disposal
Dear Mr. Brott:
At your request, the Commission has run an additional leachate 
test on ash from the Metropolitan Wastewater Treatment Plant to 
determine chromium values in the leachate. The results are listed 
below:

Wi

Total Cr

7.0
0.60
9.2
3.35

Hexavalent Cr

6.3
0.52
7.8
0.08

The results from the tests were discussed in detail with the Agency 
staff on November 18, 1977. At that time. Dr. Hoffman from the 
University of Minnesota presented a substantial amount of information 
concerning the fate of chromium in the ash leachate. The information 
and conclusions are contained in the attached report entitled "Fate, 
of Tltomilum Leached from Fly-Ash Residue Dumped on an Old Sanitary 
J^n^iir"^ lTie“c^Frusion of the7ep"0rt is Uiat anyhexavatent chromium 
presenfin the leachate should be reduced to trivalent chromium under 
the existing conditions of the landfill. Furthermore, the predicted 
half-life for hexavalent chromium in the presence of excess reducing 
agents is from 3 to 30 minutes. Even under conditions where reductant 
concentrations are low, the half-life for hexavalent chromium is 
predicted to range from 29 minutes to 8 days. Given the high amount 
of organics present in the groundwater (200-300 mg/1 COD) and adequate 
detention time, hexavalent chromium should readily be converted to the 
trivalent form.

As you are aware. Soil Exploration Service attempted to determine 
groundwater movement rates in 1974. Their conclusion was that 
groundwater movement in the landfill area was very slow (i.e, 
no movement was determined in a 2 month study). The existing 
groundwater conditions indicate that more than adequate detention 
time will be available for chromium reduction.

1000454



Mr. Bruce Brott
Minnesota Pollution Control Agency 
November 21, 1977 
Page 2.

As indicated at the November 18 meeting, the Commission has 
adequately addressed all questions concerning the project. 
It is urgent that a permit be issued in November since the 
ash pond discharge is in danger of failing NPDES Standards. 
Please contact us if we can be of any further assistance in 
expediting issuance of the permit.
Sincerely,

Jeniard
DirectorEngineering

BJH:WGM:kla
Attachment
cc: R. J. Dougherty, Chief Administrator, MWCC

G. W. Lusher, Director of Operations, MWCC 
W. K. Johnson, Director of Quality Control, MWCC 
Dan Comeau, MPCA 
Fred Jenness, MPCA
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and the
Minnesota Pollution Control Agency

"Fate of Chromium Leached from Fly-Ash Residue 

Dumped on an Old Sanitary Landfill"

NOv 5 1 'jO^/

by pollution
PPNTROL AGENCY

Dr. Michael R, Hoffmann
Assistant Professor
Environmental Engineering Program
Department of Civil & Mineral Engineering
University of Minnesota
Minneapolis, Minnesota 55455612-373-2514

Attention: Dr. Walter K. Johnson
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Fate of Chromium Leached from Fly-Ash Residue Dumped on an Old Sanitary
Landfi11

This report has been prepared in response to the request of the Metro­

politan Waste Control Commission and the Minnesota Pollution Control Agency 

for a quantitative prediction of the fate of hexavalent chromium leached 

through an anaerobic sanitary landfill with a high COD leachate. This report 

consists of three distinct sections in which the thermodynamic behavior, 

kinetic behavior and predicted fate of chromium is examined with the aid of 

equilibrium computer calculations and kinetic analyses based on literature 

data .

The conclusion reached, after careful quantitative analysis, is that 

hexavalent chromium should be reduced to Cr(III) given the prevailing low 

oxidation-reduction potential of the combined fly-ash/sanitary landfill 

leachate. The calculated half-lives, in the presence of

excess reducting agent (i.e. oxidizable organics, Fe(II), HST cysteine) 

have -been calculated to range from 3 to 30 minutes based on pseudo-first order 

kinetics; and when the reductant concentrations are low [reductant] = [CrO^], 

the half-lives have been calculated to range from 29 minutes to 8 day^ based nn 

pseudo-second orderj^netics. Considering that the residence time (ip 

of the groundwater in the sanitary landfill is immeasureably long, it is 

reasonable to assume that most of the hexavalent Cr will be reduced to the 

less toxic Cr(III). The rate of oxidation of CrIII to CrVI by oxygen is 

immeasureably slow at room temperature (Schoeder and Lee), so that little, 

if any, Cr(III) would be converted back to CrO^, Cr(III) would be primarily 

in the solid form at pH8 or adsorbed on colloidal solids with negative charge.
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Physical-Chemical Forms of Cr in Sewers, Treatment Facilities and Aquatic 

Systems
Chromium enters sewers in both the hexavalent form, Cr(VI) and in the 

trivalent form Cr(III). Uses contributing CrVI are well-known, e.g., 

algicidal applications, corrosion inhibitors, and other industrial uses.
Cr(VI) will tend to exist predominantly as the soluble ion HCrO^ at pH8 

for concentrations of a few mg/1 or less. HCrO^ can also be adsorbed on 

colloidal solids with a positive charge.
Cr(III) is expected to exist in at least three principal forms at 

pH8: the solid Cr(0H)2(S), the cation Cr(0H)2» and the anion Cr(OH)^.

The maximum equilibrium solution concentration of the two ions combined at 
pH8 is near 0.02 mg/1. Thus, at the levels of chromium reported in sewage, 
one expects most Cr{III) to exist as the solid Cr(0H)2(S). The CrO^ ion 

is a reasonably strong oxidant at pH8; therefore, reductants such as sulfide, 
Fe(II), sugars, alcohols, and many other organic compounds are capable of 
reducing CrO^^ to Cr(III). The resulting form of Cr(III) should be Cr(0H)2(S) 

as a reduction product.
Two other general chemical forms of Cr(III) may be expected: Cr(III)

adsorbed on particles in wastewater and Cr(III) existing in solution as a 

soluble chelated complex with organic matter.
It is reasonable to assume that chromium entering a wastewater system 

as Cr(III) will precipitate as Cr(0H)2(S) or become adsorbed on particulates. 
Chromium entering as Cr(VI) experiences a strongly reducing environment 
in the sewers and treatment plants (little to no dissolved O2) and as a 

consequence becomes reduced to Cr(III), then tending to precipitate or adsorb. 
There should be much less Cr(VII) at the treatment plants than originally 

entered the sewer system upstream.
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Discharge of wastewater effluent into aquatic systems may result in solubiliza­

tion of Cr(0H)2(S) and desorption of Cr(III) attached to particulates, depending 

on the degree of dilution. In v/ell-oxygenated rivers, Cr(VI) would be largely 

unaffected.

Thermodynamic Analysis of Predominant Chromium Species as a Function of Redox 

Potential

REDEQL2 (Morel and Morgan, see copy in appendix), a complex computer program 

for the computation of chemical equilibria in environmental systems, was used 

to calculate the predominance of either Cr(III) or Cr(VI) as a function of 

redox level. From preliminary leaching tests on fly ash, it was determined that 

a maximum concentration of Cr of 9.2 mg/1 was released in the ^irst 200 ml 

fraction of acidic leachate. This value of Cr was used to calculate the species 

distribution as the system was varied from reducing to oxidizing conditions. The 

species considered were Cr(OH)'^^, Cr(0H)2, Cr(0H)4, Cr"^^, , HCrO^ and

CrO^. These species are interrelated by the following equilibria:

(1) HCrO' ,-2CrO^ + H pK = 5.9

(2) H^CrO^ i HCrO" + pK = 0.61

(3) Cr^O’^ + H2O t 2HCrO" pK = 2.2

(4) + 6e t ZCr"^^ TH^O E° = 1.33v

(5) Cr207^ + 4H2.O+ 3e t Cr(0H)3 + 50H" E° = -.13v

(6) HCrO“ -I- 7H^ + 3e 

.-2

Cr^^ + 4H2O E° = 1.19V

(7) CrO”^ + 4H2O + 3e 4: Cr(0H)3 + 50H E° = 0.12v

Species distributions were calculated for pH values of 2, 4, 6, 8 and 12.

Results are depicted in Figures 1-5. The negative logarithm of the molar 

concentration of each species.is plotted as a function of pc, negative logarithm 

of the electron activity. A pc of 12 is strongly oxidizing whereas a pc of -6.0
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is strongly reducing. At low pH, Cr would be predicted to exist as CrIII over 

the entire range of pc considered. In order for CrVI to exist at low pH, a 

stronger oxidizing system is needed. At pHlO, Cr(VI) will be readily reduced 

in mild oxidizing systems. Most Cr(VI) is converted to Cr(III) below pc 4.0.

At pH8 most Cr(VI) is converted to Cr(III) below pc 8. From the trends 

indicated in Figures 1-5, it can be predicted that Cr{VI) should be reduced 

readily in the presence of reducing agents but the particular aquatic system 

must be more reducing (anoxic) at higher pH values.

Kinetic Analysis of the Reduction of Cr(VII) by Fe(II), Sulfide and Cysteine 

Data published by Schroeder and Lee (1975), see copy in appendix on the
reduction of CrO^^ by Fe''’^, HS“ and cysteine (NH2HC(CH2SH)C00H). Their

-2 - +2 results indicate that CrO^ is fairly rapidly reduced by HS , Fe and cysteine.

From raw data, pseudo order rate constants can be determined by two methods.

The first method is to graphically estimate the half-life and determine the

pseudo first-order rate constant from equation 10.

(8) In c/Cq = -kt

(9) In 2 = k't 1/2 

(10) k' = 0.693/t 1/2

The second method assumes that the slope of a least-squares fit of InC 

versus time will yield the pseudo first-order rate constant. Schroeder and 

Lee's data has been treated accordingly and the results are depicted in 

Figures 6-8.

From evidence presented by Schroeder and Lee it appears that the 

reductions are at least second-order with a concentration dependence on 

[CrVI] and [Reducing Agent]. A half-life based on pseudo second-order 

kinetics can be calculated in the following manner:
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(n) -d[CrO^]/dt = k[CrO^] [Fe(II)]

(12) = k[FeII] when 

[Fell] » [CrO^]

(13) k^^^ = -d[CrO^]/[CrO^]/dt

(15) t 1/2 " 1/k [CrO^] for [FedDT " [CrOj]

In most experiments, Schroeder and Lee used an excess of reducing agent so that 
[Fell] > [CrO^]. When [reductant] >> [CrO^] first-order half-lives would 

be appropriate and when [reductant] = [CrO^] a second-order half-life should

be used.

Table I

Predicted Half-Life/First-Order Kinetics Reduction of CrO-̂2

Reductant

Fe(II)

HS‘

Cysteine

t 1/2 (minutes)

3
5 (graphically) 

28

Table II
Predicted Half-Life/Second-Order Kinetics Reduction of CrO^^ (0.4 mg/1)

Reductant
Fe(II)

HS"

Cysteine

t 1/2 (hours)

0.5
35 (graphically) 

192

1000505



01414

Models for Fate of Trace Metals Discharged in the Aquatic Environment 

Morel ^ (1975, copy included in appendix) have used REDEQL to

predict the fate of trace metals in Los Angeles County Wastewater Discharge. 

Similar models can be developed for the trace metals present in the effluent 

from the fly ash ponds. A complete model was developed using the January 1976 

monthly averages for metal concentrations and typical values of anion concentra­

tions from the wastewater effluent averages over the year. Sample output is 

included in the appendix. Depicted in Figure 9 is the % Total Metal for 

Cr plotted against pe at pH 9.5, the pH of the pond effluent. The predominant 
Cr species are Cr(OH)" at low pe. There appears to be little effect of 

negatively charged adsorbing surface (a-Si02). Cr(III) and Cr(VI) would 

both be present as soluble species in the pond effluent.
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FIGURE 1
CONCENTRATION OF CR SPECIES AS A FUNCTION OF PE AT Pll 10
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FIGURE 2

CONCENTRATION OF CR SPECIES AS FUNCTIOIf OF PE AT PH 3
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FIGURE 3

CONCENTRATION OF CR SPECIES AS A FUNCTION OF PE AT PH 6
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FIGURE H

COUCENTRATIOH OF CR SPECIES AS A FUNCTION OF PE AT Pll H

I 2.0 4.0
ELECTRON RCTIVITY

O CR+3 

A CRC0HD3. 

+ CROH+2 

X CRC0m2* 

CRC0H14- 

CR207-2 

HCR04- 

CR04-2

❖

I

10^0495



FIGURE 5
CONCENTRATION OF CR SPECIES AS A FUNCTION OF PE AT Pll 2
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CASE NUMBER 1 FIGURE 6

FIRST-ORDER KliJETiC PLOT FOR CR(VI) AND FE(II)
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CASE NUMBER 2 FIGURE 7 

FIRST-ORDER KINETIC PLOT FOR CR(VI) AND CYSTEINE
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CASE NUMBER 3 FIGURE 8

FIRST-ORDER KIUETIC PLOT FOR HS‘ AND CR(Vl) KlUETiC ANALYSIS NOT APPLICABLE
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0 li^s 0 -11 l?h-l -13 ldb-2 -6 12(>-J 9 126—. 6 226-1

-1 ^11 1 0-1 -2nS3 1 0-2 -3336 1 0-3 -4740 1 0-H -933 2 0-1 -3260 4 0-4
1 14 0 1 1 1647 (' 1 2 0 0 0 0 0 u 0 0 0 0 0 u 0 0 0 0

184 0 1 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u
3 0 n 0 0 n n 0 U 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0

■i22 0 1 1 0 n 0 u P 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0
1374 »> 1 1 r 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

If 15 I 1 l'il9 n 1 2 2122 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0
923 n 1 1 0 0 0 0 0 0 0 0 0 0 0. 0 U 0 0 0. 0 0 0 0

0 0 0 0 0 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 Q 0
0 0 0 n 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0

•lUKF.P

B
..14

-H

RF.t)« sT 
U77
190 1 
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I M ' ''1 i' t'r« (1 TArr*; Ai t: l*<rLtn'Ei t -IN t.'^, 1 LlO/.'.MS),

lour ■: r ■ ( T'J- , ) .»(■ ‘0 U)i -f j

1: I'lrrr,

Tm" .'-rviltl I iS F(1P T 1^- I’lf M-'-t. T ■■

t i.M
r-iK -iS I J rfr 1 T '.T( L ■ '' UX THCC
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C’’
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•wit.' ''.mu *•. 1 On
2" ) s . S.'-O ’ s. '■> n 0 s,« 0 r>

Pm
* i, '>..^00 ^.AQfl

CO 1 1 11 : (i f . 7 (. ■ '>.700 , 7 0 0

LI' I ’ a (>u< ss 1 >Ti,r 1 Ti'TCC ' fi'TCC ^ T‘>1CC

CO *- 1
>1 , ' ’ M ;n M 0 1 2.' 00 ?’,0 0

SO- ? a,n <,0 M ?.''0 0 1.S00

CL
1 ■ rt . r T P . ** 0 n 2,400 -?.40u

7
h . ){i 1, 1

1,10: 3.1 00 3.100

;) b.i'^i n.iiOM ^^•nO ' 'I.OOO M.OUd

Pn .
«J

M. n A. /fvn 3."00 3,^00

1 s H, -Ml t, , •-.70'. ■>.700 S.700

AO' 1 i.-no
.1, r. 0 ■ 3. ( 0 0 3. non

F I ' 1 >1 ‘1, - n 0 o,;-o 1 4,',00 W.'iOtt

roT'‘ *ITIA) C»-» ^000 .",0(0 0, not'

crj
-Ti'
o
oo

T01CC b TuTCC 6 T iTCC 7 lulCC e T'JTCC 9 TOICCIO

H, 000 d.oo'i n.ooo 8.000 8.0 10 H.OOU

/> . Ml 0 4.60 0 4,600 4,600 4.61,0 4.60 0
r>.M00 S.dOO S.HOO 5.900 5.800 5.80(1

b. 100 5.100 5.100 5.100 5.1,10 5,100

b.OOO 5,90i) 5.900 5.900 5,9,10 5.900

b.hOO 6.600 6.600 6.600 6.8 )0 6.600

.,.70 0 6.70'i 6.700 6.700 6 . 7 0 0 6,700

inicc 5 TOICC 6 loTCC 7 ruicc 8 TJlCC 9 K'TCClO

2.IS00 2.60'i 2.600 2.600 2,6>i 0 2.600

3.b00 3.500 3.500 J.50J 3.500 3.50:

2.400 2.400 2.400 2.400 2.4;i0 2.40u

3.100 3.100 3.100 3.100 3.1 )0 3.100

M.OOO 8.000 fl.oon b.OOj 8.000 8.000

3.‘>00 3,900 3.900 3.900 3,9 1(1 3.900

5.700 5,700 5.700 5.700 5,700 5,700

3. n 0 J 3.OO1I 3,000 3.000 3,000 3.000

9,boo 9.500 9.500 9,500 9.500 9.500

2.000 “•.OOfl b.OOO H.OUU 10.000 12.000
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(1.0 -16.4 -10.9 lb.7 o.O .uv 3b,2 lb.7 -11.0
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oCO

vj
O NUMqER OF ITtHATIO'ISB

lONJC STl>FilliT'1= 1 .OOOOOOOK-n?

FIXFO (’H« V.^on COMPoTEO TOTH= .237Bl«>lt-02

P£m -/..no

cfi
CO
TT
o
O
O

free CONC L''G free COfIC TOT CONC LOO tot CONC remainder

FE2 KfilRPSh-E-lP 11.79,67 0. •••••••• -7.5894152E-19
FEl 2.74M95HfE-31 30.S0P67 2.5128P64E-nS <*.59983 -7.5894I52E-19
Cu;*. S.SlSl77HE-P7 76.23544 1.5H48932E--6 5.80000 0.
C7 ■>..312 '59PE-2I1 19.03-)9b 7.9432a23E-,-i6 S.lOOOO -1.2955023E-14
ZiM 2.91a<.9p«E-U I'i.GJSAa 1.2589254E--,6 5,90000 0.
PlJ 1.46oF'-.6hE-17 16.83544 2.5l18864E-p7 6.60000 0.CO 1.H3U9?^ 7E-17 16.73544 1.9952623E-o7 6.70000 0 .COI- 4.A79P73GE-04 3.329H2 2.511R864E-.,3 2.60000 1.8452227E-14
SOa 3.129226SE-C4 3.50456 3.1623777E-r4 3.49999 -9.77629U4E-13
CL 3.9fll-'71 /E-03 ?.40(l0:j 3,981o7l7E-n3 2.40000 3.8334154E-16
NH3 5>.209367*E-p4 3.28322 Z.9432B?3E-n4 3.10000 3.6429193E-17
S 2.72039HJE-12 11.69456 3.3151P33E-06 5.47950 -9.7762904E-13
P04 2.fln2392PE-07 6.5524T 1.2589254E-p4 3.90000 1.6749055E-17
Cm 1.29811?ZE-Pfi 5.88669 1.9952623E-,6 5.70000 3.7269450E-20
AOsi

SOLin 
cup* x 
zi'j s
PB S
CO S

1
1
:1

9.994218HE-0A 3.000HS

mcles per liter OF solution
1.5H4b93?F-06
1.244PHH4E-PN
2.6] 18H-./F-IJ7
1.99526P3F-07

l.OOOOOOOE-03 3.00000 Z.0493158E-U

CONCeHTOATIOUS OF COMPLEXES

,7". '.V

FEZ S(14 n.47 1 1 i:

FE2 CL 13.48 1 1 :>FEZ NH3 11.78 1 1 0 16,27 1 2 P 21.33 1 4 0FEZ P04 12.46 1 1 1 15.63 1 1 2
FE2 Ol 11.44 1 6 ■)

FEZ OH 4.60 1 n-J 13.52 1 n-2 15.35 1 0-3 20.09 1 0-4 7.61 2 0-2FE3 S04 3.62 1 1 0 32.90 1 2 0
FE3 CL 31.74 1 1 r. 33./? 1 2 n 37.01 1 3 0FE3 PU4 2(1.71 1 1 1
FES CM 22.56 1 6
FES OH 23.46 1 ...■1 17.57 r 0-2 14.43 1 0-4 45.06 2 0-2 100.00 3 0-4CU2* CQ3- 23.24 1 1 0 23.37 1 2 0 26.91 1 1 1 23.70 1 1-2
CII2* 5,14 27.81 1 1 fi
CU2* CL 27.23 1 1 (■ 29,12 1 2 0 31.82 1 3 0 34.63 1 4 0 24.24 1 l-ICU2* MH3 25.43 1 1 0 25.21 1 2 0 25.60 1 3 0 26.78 1 4 0CU2* P04 26.91 1 1 1 31.1)8 1 1 2
CU2* AOsi 28.63 123 0 23.78 L23-1 20.64 123-2 28.60 123-3 40.35 123-4
CU2» OH 24.75 1 -1 21.07 ? 0-2 24.60 1 0-3 28.04 1 0-4 43.8q 2 0-2CR S04 2i).39 1 1 0

46.18 223-2

,



c« A '><; 1 / «.^7 IP] 1 1 H . 1 ^ i?i-i 7..12 121-2 8.79 121-4
- CR 0(4 1 1. 1' 3 I --1 1 0-2 5. in 1 0-4 100.00 2 0»« 38.45 1 0-7 35.02 1 0-i
— ZN CO 1 1 n 11 ,bl 1 1 1

SO', 111 1 1 .1^ZN Cl 11.73 J 1 'i 1 3. V? 1 2 0 17.22 1 3 0 in.64 1 1-1 19.13 1 6 0N-(,1 11.^3 1 1 r> 12.61 1 2 n 13.6n 1 3 n 14.68 1 6 0Zn PO* 1 Ii 1 1 1 1
ZN Ci 17.n7 1 4 1
ZN A0<;i 1 U3 ' 1 H 123-1 1 4.3H 123-3 25.8,1 123-4 U.04 123-2 30.U2 223-1
ZN Oh 1 .!'■ 1 '-1 1 It, **n 1 0-3 13.54 1 0-4 8.47 1 0-2 20.50 2 0-1PB coi- 13.1* 1 1 n 13.07 1 2 0 16.81 1 1 1 17.69 1 2 2PB Soi^ 1 B . 0 1 1 1 0P8 cu 17.73 1 1 0 19.3? 1 2 0 21.52 1 3 0 26.63 1 6 0 16.54 1 1-1
PB Cm 1 4 pPB ADSI ia.B'7 129 o 1^, IS 129-1 14.74 129-2 20.25 129-3 38,28 229-1 60.62 329-'
PH UM la. IS 1 -.-1 15.,,7 1 0-2 16.50 1 0-3 30.60 2 0-1 38,68 3 0-6 100.00 6 0-1CD C 1=.,0A 1 \ n 17.71 1 1 1
CO S'U 1 «.31 1 1 T
CD CL 17.13 1 1 n 1*^. 1? 1 2 0 22.12 1 3 n 26.93 1 6 0 16.54 1 1-1
CD Nm 1 7.53 1 1 9 IH.Bl 1 2 n 20.60 1 3 0 23.00 1 6 0 26.66 1 5 0 31.64 1 6 .CD Pn^ 1 '»,QA 1 1 f
CD CO IB.71 1 1 0 1 7 . 1 ? n 1 5.58 1 3 0 2 1.07 1 6 0CO ADsl 10.77 l£h - 16.36 126-1 17.9n 126-2 25.66 126-3 37.85 126-4 61.94 226-;
CO OH 1 7.35 1 -1 IB.27 1 (,-? 21.60 1 0-3 26.14 1 0-4 33.30 2 0-1 loo.00 4 0-'H Cn 1- Z.69 0 1 1 5.H6 0 1 2
H SO'. 1 1 . IB n 1 1
H NH.l 3.56 0 1 1
H s 7.45 0 1 1 10.0? 0 1 2
H P04 3.90 0 1 1 0 1 2 13.03 0 1 3H CrJ 6.16 0 1 1

Fi 'EE oET cm- SN4 CL NH3 S P04 Cn ADSI OH

free LK, 3.50 2.4 0 3.28 11.,69 6.55 5.89 3.00 6.43

FEZ 11.79 13.67 13.48 13.78 12.66 11.66 6,60

' F£3 30.56 30.61 31.74 *««»« ••••• 26.71 22.56 • •••• 16.43

CUZ* 26.04 22.92 27.81 24.23 24.90 26.91 #*••• 20.64 21.07

CH 19.'-3 20.39 20.91 7.78 5.10

ZN 10.54 B.93 12.11 10.60 11.58 >*• 12.01 17.07 8.01 8.45

PB 16.B4 1£.S0 18.01 16.51 *•*•* 29.97 14.05 14.79

CD 16.74 15.03 lfl.31 16.44 17.51 *• 19.94 16.62 16.34 17.3n

HroRooru 9.50 \ 1 .1 6 • «••• 3.56 7. 45 3.90 6.16

GO
CO

o
o
o
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XJ
o

i>i S U*'l uf Mtl'VLi ANI. LK'A-XK'j

HOUMP* *ITH Ori / 100.n ^'F‘^C^IIT

FE3

cup*
JH S.pLIO form with S / lOf.O f’EHClCHT

(U'UtipP WITH OH / TO. A RFlTCrm

t|p ei’UlO FORM '-.ITH S ' Rp'-H PEHCI-MT 
HoIjipp’ with AO-51/ •’* HFmCF'pT

IH sp'Lio form with s / lop.pj pi^i/cci^r

c-
O')
■Kf

o
o
o

I') S(;LII) FORM with S / 100.0 PERCE.IpT

COii-
AS A FREE LIGAND/ PF.RrF.HT
RP'II'III WITH H / 81.A mEhCFiTT

AS A FREE LIGANO/ TT.O PERFEnT

Nhi

S

PO.

AS A FHEE ligand/ iPiO.n percent

AS A FPEE ligand/ NEp.a pfr, £.PT
RnUHP' WITH H / 3A.» PERCtHT

ptOUHO WITH H / T9.H PFRCFNT

AS A FREE LIGMiO/ pSS.1 PERCENT 
fiOUNI' WITH H / 3A.W PEpiCEHT

ADSi

AS A FREE L1F>AM)/ 'IT.R PERCENT

CASE NPPHIIFR p

p



n

AOSORPTinN COiSTAiTS
X]
rj

CONSTANTS FO 1 Ar)SOPPT lOM 0i suwFAfF aDSImetal

CU2«
CR
2N
PB
CD

1 7
L'»l3K

3
(AlOo)

A s ft 1 2
oco.jl

3 4 5 6 1 2
OSULV

3 A s 6
GCHEM

6 1 -4P4 -1 Oli , -2 7h^ -'.9 11 -->71 -11.4 -S.7 0.0 5.7 11.4 -11.4 17.9 4.5 0.0 4.5 17.9 17.9

• ••••
•11 • 0-A 7V -an ff. ^''onr Suooil -lZ.3

-1 1 .3 -5.a 5.8 *1.3 18.4 4.6 4.6 • •••• •11.8-'934 -5 1?6 -M5 -ISAS -1 1 .A -5.7 5.7 11.A 0.0 -17.1 17.8 A.A 4.4 17,8 u«o 4O • 0 • 11 • 0-3^1 -1 39 -1111 -2A91 -10.9 -5.S o.o 5.5 -16.4 -10.9 15.7 3.“'' 0.0 3.9 3b.2 15.7 -11.097 -612 -171^ -3a?? -Sftl 1 -1A97 -11.1 -5.6 0.0 5,6 11.1 -16.7 16.6 4.2 0.0 A.2 16.6 37.4 -u.o

NUMnFR OF ITERATIO'jS-IS')

lOnjr r-TRMlOTn- 1.<'0000uOr;-n?

Flxpri PH. 9.5on Co'AP'iiPo T0Th =
PE» IP.OO

.2263601E-U2

oo.
o
o
o

FE2
fet
CUP.
CM
ZN
PB
CO
C03-
SOa
CL
NHl
sPOa
CM
AOS I

FREE C'JNC loR free conc tot conc LOO TOT CONC REMAINUEH

ft. ir9573Ar.-2S 24.20000 0. -9.3865338E-20
1 , ')71S1 93E-25 2 A . 9 7 0 01) 2.512886AE-1.5 A.59983 -9,3665338E-20
2.986299' E-12 11.52A58 1.5flA893?E-,i6 5.80000 -1.5935310E-21
7.759588-:E-44

4 3.11,116 Z.9A32823E-16 5.lOUOO 5.9631119E-192.585ft7n4E-0'7 8.58743 1.258925AE-.06 5.90000 2.1246117E-20
2.16454A5E-11

1 0.66463 2.51 1S86aE-i,7 6.60000 1.4914707E-20
7.9421A74E-11

1 0,1 0 0 0 ft 1.9'752623E-„7 6,7oono 0 •4.ft70 19HE-04 3.3299a 2.51lH86AE-n3 2.60000 -7.8545365E-18
3.1623769E-04 3.A9999 3.1623777E-0A 3.49999 -8.24109B3E-19
3.981 169. E-03 2 . A D 0 0 (1 3.981o7i7E-„3 2.40000 -1.0013926E-17
5.2n9364l;E-04 3.28322 7.943?H23E-o4

3. lODOO 8.6736174E-18
2.ft4ni)20-15ft 3.5579996-152 -8.24109B3E-19
2.802l9n3E-07 ft.552A7 1.2589254E-0* 3.“*0000 -1.4265159E-18
1.298 1472E-06 5.88671 1.9952623E-06 5.70000 -1.0164395E-20
9.542508 )E-04 3.02o3a 1.OOOOOOOE-03 3.00000 -9.1535015E-20

I- '-’r

SOLin moles PFh IITFR OF SOLUTION
EE3 oh 1 2.S12fA|«F-oc
CO C03- I 1.9A97(ih3F-07

CONCEmtRATIO' S of complexes

EE2 SOa 
FE2 CL 
FE2 NH3

2S.87 
23.BR 
2ft.19

1 1 n 
1 1 0 
1 1 0 2R.ftH

I

1 2 33.7a 1 A 0



rrfO

-V

tt-3 1 '.vU 1 4-4 1 .,-3
— FE3 S>>« 7',, ('2 1 1 y 27, «fi 1 2 9
3- FE3 CL t t 21.13 1 2 n
— FE3 PO* 31.12 1 1 i
^ FE3 CN 1<^.97 1 h ft

FE3 ON 17,87 1 •1 n .9h 1 .1.-2
CU?» C33- 8.52 1 1 0 8.65 1 2 0
CU2* 1 ).09 1 1 0
CU3« CL 12.51 1 1 1 4.4n 1 ? II
CU2« NHj 10.72 1 1 A li).5n 1 2 0
CU2* PCX, 13.20 1 1 1 15.37 1 1 2
CU2« AD<;i 1 >.93 123 0 9. .18 123--1
CU2. OH 10.03 1 '1 6.35 1 0-•2
CR S04 ♦ 4,46 1 1
Crt CL 44.99 1 1 M 48. 36 1 ? (■

CM P U 31,46 1 \ 1
CM ANSI 10'1,0 0 121 39.39 121.-1
CM OH 37.11 1 -1 31.23 1 0-.2
ZN co-<- h.99 1 1 ■I 9.55 1 1 1
ZN SOh 1. .16 1 1
ZN CL M. 78 1 1 11.97 1 2 0
ZN NH t 9.68 1 I n 1 '1.66 1 2 u
ZN PO', 1 - .06 1 1 1
ZN CM 15.12 1 4 T
ZN AOSl 1' .96 123 1 7.35 123-■ 1
ZN OH •>.20 1 M.•1 B.4S 1 0-• 3
PR Cni- 6.96 1 1 6.89 1 2 0
PB Sri4 1 1 .83 1 1 (\P8 CL 11.55 1 1 (\ 13.14 1 2 0
P0 Cm 23.80 1 4 A
PB AO'S! 12,43 129 n 7,99 129-■ 1
PB OH 8.97 1

t ■
■1 H.89 1 0-.2

CO Cen­ 9.40 1 1 ') 11.07 1 1 1
CD sor 11.67 1 T :)CD CL 1 .49 1 1 0 12,48 1 2 0
CD Nin 1 .89 1 1 n 12.18 1 2 0
CO Pl)4 13.30 1 1
CO Cm 1 "-.OR 1 1 i> 10.75 1 2 .)CO AOsl 13.15 126 .1 9. 74 126--1
CO OH 1 .71 1 m-1 11.63 1 n--2
H C03- 7.69 0 1 \

)
5,86 0 1 2

H S04 11.16 0 1
H NH3 3.56 0 1 1

, H s 10(1.00 0 1 1 loo. on u 1 2
H PlX, 3.90 0 1 1 6.36 n 1 2
H CN 6.16 0 1 1

FHF.E LI(j 

FE?

FET

CU^.

FOEE .IET

?<>.?'>

2<t.97

11.53

3.H

• ••••

a.70

S09

3.So

35.87

35,02
I

13.09

?7»7fc 0 1 32.50 ) a-4 32,43 ? 0*2

31.42 t 3 (1

8.84 1 n-4 33.88 2 0-2 43.20 3 0-4
12.19 1 1 1 8,98 1 1-2

17.10 1 3 0 19.91 1 4 0 9.52 1 1-1
10.88 1 3 0 12.07 1 4 0

5.94 123-2 1 3.9o 123-3 25,65 123-4 16.78 223-2
9.88 1 n-3 13.32 1 0-4 14.38 2 0-2

.
31.92 121-2 32.89 121-4
29.18 1 0-4 14,02 2 0»» 8.53 1 0-7 5.10 1 0-8

15.27 1 3 0 8.69 1 1-1 17.18 1 4 0
11.45 13 0 12.73 1 4 0

12.45 123-3 23.87 123-4 6.11 123-2 26.15 223-1
11.59 1 0-4 6.52 1 0-2 16.60 2 0-1
10.63 1 1 1 11.51 1 2 2

15.34 1 3 0 18.45 1 4 0 10.36 1 1-1

fi.se 129-2 )4.09 129-3 25.96 229-1 21.92 329-4
10.32 1 0-3 18.06 2 0-1 20.16 3 0-4 31.77 6 0-8

15.48 1 3 0 18.29 1 4 0 9.90 1 1-1
13.96 1 3 0 16.44 1 4 0 20.03 1 5 0 25.01 16 0

11.94 1 3 0 14.44 1 4 0
1 1.28 126-2 ,8.84 126-3 31.23 126-4 28.69 226-1
14.96 1 0-3 19,5o 1 0-4 20.03 2 0-1 35.20 4 0-4

13.83 0 1 3

CL NH3 S P04 CN AUSl OH

2.40 3.28 6.55 5.89 3.02 4.43

25.89 26.19 24.87 i’3.85 17.01

26.15 • •••• !1.12 )16.97 8.04

9.52 10.19 ••••• 12.20 **••• 5.94 6.35

oo
o
o
o



c>»

\nCO

=j-

NJ
O

CO

HYOKOOtfJ

*♦ J. 1 )

B. S9

1 0 .

10*1')

9.30

, 46 4 4 , VV

6.99

6 • ^ ^

H • 4 0

?.6 9

I'i.ib

11. m

11.

11.lb

8.6b

10.34

<<.80

<>.63

Jfl.46

10.06

31.88

in.87

3.56

13.30

3.90

15.12

23.80

9.99

6.16

6.08

7.90

9.73

b.lo 

6.So 

8,62

10.66

PRIM.9Y' IMSTHlnOTlON OF FFlni.S />'jn LIGonlJS

Ft 5 
Ft >

I‘i S'LIO FORM WITH OH / lO'i.O HERCtnT

Ri'Ur.'l' WITH ADs)/ 71.7 HfwCrt'T 
pniir^o .ITH OH / 27.T wFHCn'T

CH

Z'-l

pnuiin with Oh / loo.n hfhci'Nt

uilH-in WITH COb-/ «.P HTHCcHT
pnUN.l WITH Al''-,]/ 66.5 pFHCFHT
prujun »Ith OH / 24.9 HfRCf NT

HOoun WITH CO;»-y 94,n Hfwcfnt 
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COT­
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nouro.' WITH H / 81.3 percent

so-
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POTKNTIAI. TRANSFORMATIONS OF 
CHROMIUM IN NATURAI. WATFRS

DAVID C. SrUROrDF.R* •nil Ci. FRED LEE*"
Imsiltiilr for EnvirowtH-niul Vnin'nily of Tvxut-OolUir, Richotthon. Trx. fiORO, U.S.A.

(Received 1.1 June. 1V74; in reviled form 29 Oclober. 1974)

Abbtract. A siudy has been cunducled on ihe Irinsformtilion of Cr(lll) and Cr(Vt) in timulaied 
natural water conditions It has been found that these forms are readily inlerconvcriihle under natural 
water conditions. 1 lie results of this study indituic that ( r(VI)i% icducxd hy I c(ll). dissolved sultidcs, 
and certain mvanic cninpounds with siitihyjryl froiips. while (r<IM) is usidi/cd hy a lai|c esens of 
MiiOj and at a slow rate hy Oj urnki conditions approsimating those in natural waten. Hased on the 
results of these studies, water Miiahty standards for ( r should lie based on tni.il (.> rather than on 
CrIVI), as has been frequently done in the past.

I. Introduclion

A frequently recommended limit for Cr in naluriil waters of 0.05 mg of Cr(VI) 
is bused on toxicity to aquatic life and on possible harmful cfTccIs on man when 
present in drinliing water (FWPCA. I96K; McKcc and Wolf. USPHS, I962).
Little attention lias been (tiven to Cr|IM) eillter in toxicity studies or in Ihe establish* 
meni of standards, althouith McKcc and Wolf (I963) accumulated evidence to con­
clude that Cr(MI) is also ha/ardous lo aquatic life.

The objectives of this study arc lt> consider the possibilities for and evidence of 
reduction of Cr(Vl) and oxidation of t'r(IM) in natural waters Such reactions, if 
they occur, will have an effect on the distribution of C'r m these waters, since Cr(lll) 
is known lo be sorbed to a much greater extent by naturally occurring solids than is 
CrlVlKf anlcr and (iloyna, I967; Krauskopl, I9.56; C huecas and Riley, >966) and is 
also restricted in solubility in the pM range of natural waters (Pourbaix, I966; Sillen 
and Maricll. I9M). When both dircclion and rate of these reaclions are considered, 
if ('r(VI) IS favored, then the available evidence indicates that C'r will accumulate us 
soluble forms in the water. If Cr(IMl is favored, then the accumulation will likely 
occur in the sediments. If Cr{MI) and ('r(VI) are inlerconvcriihle in natural waters, 
ihcn water quality standards for fr should be based on total Cr and not Cr(VI) as 
has frequently been tlonc in the past.

At pif 6,5 to K.5. tlic overall oxidation reaction is (Latimer. 19.52; Pourbaix, 1966; 
Sillcn and Maricll, |964|

r ih ‘

2C r(()lu; ^ 1.10, E 11,0 2CrO; + 6M’ .

‘ (trailtiaic Mndcni, University of WisAJAiasm
'* Uirctliir. Iiisiiiiiic for I nvirooiiKMual SAi«n<.-es. University of Texas. Daltat

H iilrr. 4tf. .iw/ .Coif Po/fttKi.H 4 (l‘t7Si UiS 41/K« t.T if./ 
<'o/intnht • |•»7S/u•/i. ktof,! I'ohlnhinn Ht-tdutlll llolluml
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Given the slandard free energy change Tor Ihii t^aclion (Lalimtr, 19521 as +12.7 kcal 
mule"', at pM -7.0 and Po,”0.2l atm, at equilibrium,

|Cro;i
(CriOHi;) - 7 X I0'>

indicating that under oxygenated natural water conditions Cr(VI) ij the Ihermodynam- 
ically stable species. It is pos.sible, however, that Crlllll could be kinelically stable 
in natural water systems. The only previous study concerned with this reaction was 
that of Canter and Gloyna 11967) who found evidence of appreciable oxidation of 
''Crdlll in live days at pH « lo 10; however, they found that >’rr(lll) is sorbed to 
a much greater extent by glassware than is ”Cr( VI). These investigators used analytical 
procedures which measure soluble species only. When the sorption is considered, it is 
dinicult lo show that any oxidation occurred, since the results are reported as fractions 
of total activity rather than as actual concentrations.

2. Materlab and Melkods

2 I. MEASUatMCNT OF Cr(VI) AND TOTAL Cr

CrlVI) was measured by the diphenylcarbaeide method and total Cr by the perman- 
gan.ile-a/idc method, both of which are described in Slandard Methods (APHA ft of, 
1971) The diphcnylcarba/ide method was evaluated and found to he specilic for 
Crl VI). Beer’s Law was obeyed at concentrations up lo 250pg 1'' and the detection 
limit was found lo be I lo 2 pg I"' with the apparatus used in this study.

The pcrmanganale-aTidc method was alsoevalualed and found lo he only marginally 
satisfactory with an average relative error of 21". and a relative standard deviation of 
2.V',; in a senes of 22 determinations.

3. Rntilti
.11. OsmAiiiiN OF Crtlll) nv O,

The rate of formation of Cr(VI) was determined in buffered solutions containing 100 
lo 125 pg I ' t r (II11 and 170. As a basis for comparison, a reference solution was used 
which contained 100pg I"' Crtlll). 10"' M KIICOj bulfer.and glass-distilled water 
maintained at room temperature (22 to 26"O. This reference solution had an initial 
pH of R.6.

To determine the cITecI of pH, the HCO^ buffer was replaced with H,Po; HPO; 
buffer (pH 5.9) and with COj (pH 9.9). To determine the effect of temperature, the 
rcfcience solution was placed in water baths at 35 C and 95 C.

Ligiire I depicts the effect of temperatutc on the rale of oxidation of Crtllt) by 1)0 
in K IK (), biilfer. At riuim tempcratiire (22 lo 26 ( the rale was slow with about V. 
of the added Crtlll) osidi/inp in 10 days. At 15 C. the same extent of oxidation oc­
curred in 10 lo 11 days, and, at 45 C. in less than 1 days. I his temperature effect

CP
3

5
U 2

.........I - .................A - ...
?0 30

Time, days

--------1----------  ------- -L
40 bO

Fig. I. F.fTcct of tempcraiure on the rale of OKiilaiion i>l ( r(lll) hy 0«. Iniiial ('r(lll) pg t ' 
Room Icmperjtute 22 2ft C*.

indicates a high aclivalion energy based on the rales at room temperature and 45 X, 
E,^22 kcal mole"*. In each case, approximately 20 lo 25X of the Crtlll) was sorbed 
by glassware during the duration of the experiments and thus the true rale of oxidation 
was slightly higher than the apparent rale. Nevertheless, it appears that the rate of this 
reaction is sunicienily slow in natural waters that Cr(IM) may be involved in other 
reactions, particularly sorption, before it can be oxidi/ed by O,.

In order lo determine whether the materials in natural waters might influence the 
rale of oxidation of Crtlll) by 1)0, tlie rate was also measured in Lake Mendoia. 
Wisconsin water, one sample of whtch was filtered through a 0.22/1 pore si/e filter, 
while another sample was left unfiliercd except that aliquots were Itliered just prior lo 
CR(VI) measurement. Table I indicules that there was no evidence of such a catalyst 
in Lake Mcndola water, since the rale In unlillcrcd lake water was essentially the same

TABI.I. I

Rale of ohidaiiun of Cr<(lh in t.ake Mendota 5A»let, 
pIlKl H.7. room icmperatHrc. iniiMl C'l(MI) l2S/>gl '

lime.dayx »•

* llniillered. 
•• / ihciv<l.

I
I
1

t 9
2 J It

I
I
l..t 
30 
3 0 
.1 K
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an I* annhmtd ,0 the formanon ofiurhijiiy In ihc sample, since aliquols from ihls 
sample were ............ immedialely pr.„r lo Cr(VI) measuremenl.

To .Icrerm.ne .he eirec, ofsorp.lon of Cr(lll) on ,he rale orosida.ion, to the refer- 
ence soluinin was added (a) sand. 50 g I"' (b) benlonile. 10 g I' ■ (c) MnO 0 10 e I > 
aiic (i 11 e(OH),. 0.2 g I These mixtures were slirred thoroughly once each day and

table II
'"k !.<■ ” o' of l-r(lll| In

Sand Renioniie MnOi Fe(OHh

Sorhed in 1 day
46 93 AA

Sorhed in 7 days
90 95 * * 69

yu.

Oxidi/i-d in J day
1 2

0
19

99
1

Oxidi/cd in ^ days
0

1

OxiJi/cd in 7 days 
Oxidi/ed in 1 days

2

1
too

1

0

TABLE III
Rale of oxidalmn of Olllll hy O, in three dilTerenl huf. 

feis. f Idires are peivenlafei of the uriiinal ftflll)

o
o
o
Aa.
-n3
GO

.Sorhed in 1 day

pH ran(c

59 8.3-69 9.5-99

■5 40 14
Snrhed in 7 days 22 21
Hurtled in 14 d.iyt|

22

Oxidi/cd in 1 d.ty t 1 1
Ouxli/ctl in 7 d.iys 1 2 t
Oxidi/ed in 14 days > 1 1

o<Ml..lion MnO, appears to be a special case which will he discussed later 
labic III ,nd,cates that pH had no apparent effect on the rale of oxidation of 0(111)

hyDOosco.hcrangcofp.l ,<1.0.9 Alt......... there nay well la,-a ellec. on.......
•ne he erect .l.ns no, appear to be stpnthcan. In all case s, less than of the ad.le.l 

i rfHlI w,is jmufi/cil m iwti

nmNtiAL iKAmiORMArinm nr ( iirommim in NArimAl WAmi!i

3.2. Oxidation oi Cr(lll) by MnO, .

The rale of oxidation of Cr(lll) in the presence of MnO, was determined by adding 
different amounts (25. I(X>, and 250 mg I ') of MnO, lo reference solutions, stirring 
lo keep the MnO, in uniform suspension, and liltering aliquots through medium- 
porosity glass liber filters. The rate was also measured wjih ('r(lll) and MnO, added 
to both filtered and unlillered Lake Mcndola water.

l-'igure 2 indicates that the rate of oxidation of 0(111) in the presence of MnO, 
depends on the quantity of MnO,. even when that quantity represents several hundred 
limes the quantity required lo oxidise all of the 0(IH) present. At 25 rng I ' MnO,, 
a weight ratio of MnO, :0 of 200:1, half of the added 0(HI) was oxidized in 42 min, 
but, at 250 mg r' MnO,, only 3 min were required.

Mf.O^ AZiO

A I 1. I..

■ r-t

TIMI . Mif.

I'ia 2. Oxiil.ilion of (rdlh hy «|il(crc»l umotinis of lmii:il ( rfilll I23yf|tl '<

Figure 3 indicates that the reaction was strongly inhiSiied in l ake Mendoia water. 
In filtered lake water, it is possible that other cations such as Ca * * ami Mg * ' occupied 
sorption sites on (lie MnO, particles such that the reliction ceased witli 6.5"„ of the 
(‘r(lll) oxidi/cd. In unlillered take water, even more inhibition was noted, probably 
because of sorption of some of the C'i (IM) by other soli^ls.

These results suggest ih.ii oxidation of (’r(lll) by MnO, requires sorption of the 
Cr(MI) unto sorption sites which arc few in number in relalton U» the total surface 
area. The scarcity of these sites and the marked tnliihiiion in lake Mcndola w.itcr 
imply that MnO, is not likely lo luve a significant eU'ect on iIht distribution ol ('r 
forms HI iiaiiiral waters.
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In »n udililional rererencc solution, the pM was raised with IN NuOH before Fe(ll) 
was added. The initial reaction conditions were as follows: (a) 0.40 mg i ' l*e(ll), 
pH 7.5 (b) 1.20 mg I ' rc(m. pM 7.1. and (c) 0.40 mg I ' Fe(ll), pH *>.l.

Figure 4 indicates that l-e(lh will reduce CrtVI)in the pH range of interest but that 
the extent of ihi.s reduction will depend on pH and rc(ll) concentration as well us

•'■‘’I . • oisrii I ro
A T. I
■ Ha# ( AKC

io ' , L------------------ t .. ____
'JO 150

Time. MIN. I

J.3. Rn)U< ri(iNoFCr(VI) |

"■> rccluoing "TCr(VI, by 8h55w.,re. i
-....on, ini,... . conJnJlr;* I 'crTviTT^;';:^*” ^ '

the loss offrl VI, from ihcconlrolwniplc V r
n one which IS negligible in csperimenl, l.sling less .h.nn »ntd"y The m"Vd 
-ce ,n niie nnd es.en, „fs.„pii..n be.ween Cr,M„ and Cr.VI, is

't]/t t rllll AO 40. pH y 1 
• 0.40. pH 7.b 
■ I ^0, pH /.I

.. . 1 .

time:, min.
t-ig. 4. Rcdtictiun of ('r(VI) by Fe(ll».
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* in soltition.

TABI E IV
I.OSS of frfvi, r,„„,

Time, days
(r(Vh.;,g|

lUO

94

14
IX
21
2b

Cr(Vl).f,g\ I

99
99
9i
98

O 100

V4 RimiriHiNof CrlVI, nr Fc(ll,

Fc. V.
I ig. S. The cmrcialuin between Ci anil I c content uf I aiie Michigan aedimenli using data Otsin 

< i>|H.1and and Ayen (IV7>).
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pH 6,5 to K 5. the overall reaction between Cr(VI) and Fe(ll) is
3Ke* • + Cro; + 7HjO JFe(OH)j + Cr(OH),* + 3H*. (2)

As previously noted, Crdll, is sorted very elTecively by Fe(OH)., The resul, of the

Table v
‘ ..... .. '"‘"''"'l«"•'"> »f Uk. Mkhiwn «di.

mcnls »ilh oilier paraniclcit. ificr Stump ,r ot. (tVVI)
-SeOiinenj 
micrval

Top*

I 7 tm 
4 I2un 
H ^}cin

• VjriaMe. 2 4 cm.

With With With
tufanie

* 2 pm water
oirhon clay depth

OW 0.50 044
V 72 049 0.20
0B7

0 19 029

0 79
oaa

Wiih
Tc,(),

0.7H 
0.76 
0 57 
0 7V

With
MnO,

0.49 
0 47 
0 20 0.42

O
<=>
o
-nI
439.

beMen u7Fe''‘''"rr r "7'"”’ “ '"«"gcorrelation
between the Fe and Tr content of the sediments in Lake Michigan.

3.5. RitItJt 1IDN <11 Cr(VI) av SIM FIIXS

m ^Tn^N ’ s «“"■''>« "" C^IVII, 1. referenc; solution was made
liugMutMcs;’:::::'""'

I .gore 6 indicates that CrtVI, wa, rapidly reduced by dissolved sulfides 50- of,he 
otipnal rtVH was reduced in less than live m.n in the presence of 10 ^M t.iia'

alter .7 h. fhe clfcct ofpll on the rate of this reaction is not known The predoniinint
SP.-C1CS of su.li.le a. this pH „ H.S '. Like FetIH, ....... ... are also oxidired by O
... I.is case .he ra.e appears to be slower and the in.etference is not as grea'

l< p oil.iced hylecon.pos.ii.,,. of organic matter, by bacterial sulfate reduction, or by 
I e discharge ol certain induslr.al wastes. The Crdll, pr.Hluced by this reaction is Ihcn

s luhs by tt, appears lo h<- slow enough to allow Iheir penclralioi, for a short distance

f.-.i.’.s'ii7o77‘M.......... ■“

A ALANINE
• CYSTEINE 
o SUCCINIC
• MERCAPtO-SUCCiNIC 
O SULFIDE

TIME MIN

Pig. 6. Rediiclion nr C'r(VIMiy 10 * M Millidcs by pH 9,|, cysleine. ilanirw, 
and iO ’ M morcapiobucciiiic acid

3.6. Reouchon of Cr(VI) nv oR(iANir < ompounus wimi slm mivdrvi. groups

The cfTccIs of ccriairr organic compoundi on Cr( VI) were dclermined. The compounds 
chosen were ihc amino acid alaiunc. Ihc sulTur-hcaring amino add cyslcinc, succinic 
acid, and mercaplosuctinic acid. In each case, the reference solution was made (0 M 
in Ihc compound being tested.

I'igure 6 indicates that cysteine and mcrca()tn-succinic acid reduced Cr(VI) at a 
rapid rale while no reduction could he detected in solutions containing abnine or 
succinic acid. Mercapto.succinic acid is apparently subject lo oxidation by as well, 
since little or no reduction occurrcil after It) min wiili 40"„ of the ('r(VI) remaining.

While it is unliLcly that sidlhyUryl-bcaring compouiulx arc abundant enough in 
natural waters to alfcct the distribution of C'r, a possibihly exists that CrtVI) taken up 
hy aquatic organisms is rcLiuced by. and inactivates. c»)L*n/ymes hearing (Ins group.

3.7. Ri ouriioN ot C'r( VI) IN NA itiRAi wa it k sampi i.s
( r( VI) was adiled lo naiural water samples lo determine ihcelTecIs of natural organics 
and to detect any naturally occuiring reducing agents. The sources of these samples 
were L.ike Mcmiola, Madison, Wisconsin, wiili 5 units of true color, aiul WaunaLce 
Marsh, located north of l..ikc Mendola. with 25 units of line color. I'.ieh sample was 
divided m li.tlf. with one portion iinlialty tillered tlirough t).22 /(pore sire liltcrs and 
fhe other left imiillerci! wiih alu)uols tillered before OlVI) analysis Laeh sample had 
ail initial ('r(VI) coiiicmrahon of lOft pg I '.

Ihc results presented in I'ahle VI nuheate that no sigorticanl reduction of'OfV]) 
occurred in water from I aLe Mcinlota or from Waunakee Marsh. 1he rale «>f loss of

■■■■ ■■■■.7.: 7^
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A Niiiiicriciit Mvihod for Conipiiting Eiiiiilibrin in Aqueous ('licmie:il Sj.sJciiis

l‘'r:<nrois Morrl' and Jamcg MorRan
W. M. Kctk I.cihorulorics, Culifornia Inslilule of Technology, l*a^nden«, Calif. 91109

■ A K' nrriil t'orpov* compulcr progniin VApciially (ulnplcd l«i 
Ihc sduly of uiid baiu: ami \;oocdintili«e intcruclicnA bihI dis* 
solmmn and prccipilaimn in aqueous sysiems has hi-cn tie* 
vcli'iM il. Ihc propram uses Ihc slahiiily constant appriwh 
niid ihc Newlon-Raphson method for digilHl compulation of 

It isahlc iohandle numerous spviics ami to lind the 
cMuitihiium ?a:t of stdids. Oas phases arc considered to he at 
consiani puntiil pressures. The method is explained hy use of 
the iujueoo.s irorrflll) cak'iiim ciirhonale'phosphntc system 
iis itii example. An application of the program to a system of 
7K« sidohle species. «.l possible solids, and one gas-phase com- 
ponenl is given as an illiislnition.

quitiltmim mmlels can he very useful for undersland- 
JI.-lJ iim ihe various priKcsses disvilitlion and precipita­
tion. oxid.ioon and rediiilion, acid base and coordinulive in­
teractions which govern I he chemical composition of natural 

. wiitefs (Siiimm and Morgan. 1970). A classical cxnmple of 
stub an eciuilihriiim niiHlcI is ihc scowalcr naHlei of Sillen (IW.I).

I ypic ally, Ihese nuHlels reciuire thecompuinliemof vc}uitih- 
rium compositions for .systems containing numerous species 
dislrihuied among an aqueous phase, a gas phase, and several 
solid phases. I or any given model, Ihe lempc-ralurc and Ihe 
pressure can generally K* taken ns eonslanis. I'.xchang? of mat­
ter with the MiirouniliogH lacing neglected and ideality being 
assumed, ihe iheriiuHtyniiinic treatment of sinh closed systems 
is siraighiforuanl (Denlagh, I9fif0, ami Ihc equilibrium com­
position is given by Ihe minimum of the Gibbs free energy 
fuiHtion (>r. ei|uivalenily. by the mass action laws, both sub­
ject to the constraints of the mole lialanec conditions.

We have Iven iiilerested in developing a grnernl purpose 
c imii'utci program c spcc iaily adapted to solving these types of 
chenmul e(|uilibriom problems. Tw<i main choices have to be 
made in Ihc devcliM><nenl of such a program: l irsl, Ihc choice 
of a notation that will allow Ihe description of the sysicni in al- 
gi brail terms and Ihe selling up of Ihe cquMinns; second, Ihe 
c boice of a method to solve the equilibrium problem.

I very |Hissihle kind of notation has been proposed in Ihc 
iiieralure from the most parlieiilar one which ideiililies every 
themical species under a special symbol, lu ihe mosi geiHTal 
one where elements iT multidimensional tensors represent 
tli«- species amt their ftnmulas. Ilecuusc our prime interest is 
Hiili IiH>rihn:ition priKesses wc* have (hosett to dilferenlMle 
Iviween ineials {Kf). lij-ands (/,). and complexes iC). SiiHC 
III III base inicraclioiis are of s|'cct;d interest lo us. the proton 
h.is Iven given a special symbol (II). Gas nml solid phases in­
teract wub the M>liihle species in a fairly similar way and they 
aie given a single synil'olit representation (.S), We feel that

• In wImiiii (orreNpomlenre shtMilii be' addresccil. 
SS V>i\iMHHi*rtila) Srifiirr A Irrlinolnay

this rtolnlion is genera) enough lo .nllow Ihe Irralmeot of most 
of the systems we are inleresled in and Ihal it is particular 
enough In facilitate the iransluticm of a particular chcmuMl 
problem into a general algebraic one. Ihe metals and the lig- 
otids are thus logically taken as Ihe components of the sysicnt 
and this division of Ihe components into two families al­
lows an onusnally compai I disc ription of the system in a tab­
leau form. I h»s ccnnpiK mess is impmlaut in vnatiling a large 
mimher of species (up ton few thousand) to be handled.

To solve Ihe chemical ecjuilihriiim problem, two principal 
Irchniqiies can Iv disliogoisheit. I irsl, the so-cnllcd ecpiilib- 
rinm constant approach which consists of .solving the set of 
nonlinear equations provided by the nutss law and the mole 
balaiH'c c'i|ualions. This meth«Hl was pioneered l>y snih work­
ers os Hrinkley (1947), and its ntoM protuim nt application to 
aqueous systems is the Haltafall program developed by Sillifn 
■nd his eo-workers (Ingri cl al., I9fi7). The second lethnic|iie 
was lirsl proposed by Dunirig and to-workers (While el al., 
l9.5K)iind consists of direi'lly minimising the Gibbs free energy 
fuiKtion suf>jcd to the constraints of the mole balanie eipia- 
(ions. This method was applied lo large mulliphasie systems 
by Shapiro (19<vl). A fairly t nm|>lcle review of Ihe two methods 
haslven given hy 7elc/nik and Gordon (I WiK).

We have chosen lo use Ihc equilibrium constant approach. 
The cletermoiing factor in ch<H>sing this melhml was that it 
allows rediKlion of (he numher of prirKipul variables In our 
case, for example, (he concenlralions of Ihe complexes can be 
expressed as n fuiKiion of (he free me(:il and free ligand coin eii- 
(rnlions by Ihe mass law ec|ualioiis. nod the prohlcm is thus 
reduced (<t limling this sel of free metal and free ligand cnnceii- 
Imlions lhal will siitisfy Ihe mole balance condidons. I his is 
dime by use of ihe Newlon-Raphsem n^elhiMl for systems of 
nonlinear equations.

As can K* seen, our method is just Ihc .ipplicsilion of well- 
known prirx'iples to a parlic ular class of problems. (>ur goal is 
simply to present what we have found lo be im ellkienl and re­
liable tool for solving u fairly general and iniporlaol clas.s of 
chemical equilibrium problems in order lo help others develop 
similar tools.

By use of examples, Ihe notation and Ihc systemalic sel ting- 
up of (hce<|unlions. Unh in the abserKc* and in the presence of 
solids, will be presented. An ilrrulive priKcdure to lind Ihc 
equilibrium solid phases will then be shown. An abiidged etc- 
seriplion of Ihe program will (Inally Ik given, followed tiy un 
cxiimi>lc demonslrating the possibilities of Ihc method.

Drxcripihtn of thr Sy.Ui-m

lo derive ii gemiiil melhoil of compulation one has lo 
vbcuKu some systematic notation that will dcM ribc the clieini- 
cal system in alyi-liraic terms. I lu.- notation that we have cho­
sen dilferentiates metals and ligands hihI n presents Ihe < hemi- 
cal sysicni in n tableau form. I or example, Ihe irontlll) c.tI- 
ciuni rarlxmnie phosphate system in water is rvj>resenii-il m 
I tgurc I. The values in parenlbeses are ihe logarilhins of the 
corH'enlratinn stability eonsiaols for I'orm.iiion of atiucoiis

I

co,» OH

CiCO,
(1 95)

C’allK),
(12 0) CaOir

(0 9)OiHCO/
(10 58)(\nt:0.(s)
(-7 0)

C.i,(l»0.).0ll(s)
(-51 5)

rii(OH14s)
f-4 9)

rL-m*o,* (18 0)
leOH"

(II 3)
No important complex

Ic^OH),'
(22 0)

or solid known
le(OH),

(31 0)Hcl*OAs>
(-2) U)

lf(OH),(s)
(-3A 0)

IKO,
(9 A) iirop (II «)IICO,
(1^ 4)

H:WV
0« 5)

Water
C(Mg)

(-17 0)
H,PO,

(20 4)

Mgurc I. Tahleaa rrprcacnIathMi for llw IroiUlll) C'a^*- xyMmi in water

F.nMilibriHM rnmuai (O.S AT wnic mrrfiiM) for forfMlim of a<|ur«ii ipecir* ■nd ror StuUmthm of ■niidi and »t* in fwr«

species from their components and for the dissolution of solid 
or gaseous species. 1'he stabiliiy constants used here and in Ihc 
other ex,*implcs in this paper apply (o t constant ionic medium 
ofO.SAf. I heyhiivcbec-nsclei Ic'd mainly frcHn ihe compilations 
of .Stilen and Marlell (I9<>4), KingI>om(l963),nml (iarrelsand 
Christ (I96^). When experimental values for 0.5M ionic me­
dium were not availahte. approximaie values were obtained hy 
applying Kinglwim’s iorue strength corrcclions (Kingbom, 
l%.t). Our equilibrium constant values arc not intended lo t>c 
critical selections: applications lo speeitk' problems will re­
quire erilical examination of the appropriate IhernKHjynamic 
data for particular solid phases and aqueous species.

The choice of independent com|K>nents is, of course, partly 
arbitrary. I or exiiniplc. either carbonate (COi*') or bicarbon­
ate (MCO, ) cootd be chosen as a component, but Iwth of 
them could not l>c chosen Hi the same lime if the prolcm (M') 
is olst» lo Ik a component: (COj* ), (IlCOi ), and (H') arc 
not independent. We have chosen the lensl-prolonoted forms 
of Ihe ligiinds and the imhydroly^cd forms of (he metuls as (he 
cortiponcnls of Ihc system.

I he advantage of sik h n presentation is twofold: It allows a 
compact writing of large sysicms. and it has a pedagogic and 
pruelicnl value in pointing out (hc|>os.siblceomplcx formations. 
The main dis.'idvantngc of (he presentation is that it is nut 
tompiclely general: Unless special provision is made. i>o com­
plex involving two dilTerent metals or two dilferenl ligands can 
be ronsiilereil. Because M’ nnd Oil often react with ancMher 
metal or ligand in complex fornuilion, the general complex 
fixmula wc use diKS allow this pos.sibili(y. A metal M, and a 
ligand L, can form a complex of (he form

C„?3=(Af.U/.,)^H),

where i is an index spevifying the meial. j is an index s|>ccifymg 
(he ligand, k is an index specifying the different M. /., com­
plexes in an arbitraiy order, <r (in foe I, o,,.) is Ihc stoic hiometrie 
coell'teieni of the metal in Ihc formula of 0 (in fael. 
is ihc stoichiometric coc-nieienl of the ligand in Ihe formi 
C',,*, and y (in fac(, y„«I is the stotchiomelric coetlkicnt ol l..^. 
hydrogen ion, IT. or hydroxide ion. Oil , in Ihc formula of 

I or 11' in the complex y > 0; for OH - in Ihc complex y < 
0; so lhal the formula of r,,i may also be:

C„.r^(W,)u(/-,UOH)_,

Then, with (he appropriate di-rinilinn of the stability consiani 
K,,k, one can always write Ihe mass action law:

(r..d ^ AT... (Af.r if-r iHP (I)

This contains implicitly Ihc rcsnii toil) « K^f[U\ in case
*y.,i < 0.

It should be pointed out lhal with this notation II* is iden­
tified at the same lime l*oih ns II and conventionally as (he last 
metal, M», in our example (I igui e 2),

In Ihe same way. the v>lidscan be desc ribed by
5„^(M.)df.,),(H)k

5..-- (A/.),(/.,>,(OII) K

where A, if, X (in fact, i.„ y„, X„) have dellnitions similar lu 
those ofa.^, Y.

Li u ti(»OII)

r...E-(Af.XU C.„^(M.X/-.KM)
“■ (A/i)(/,|)

f ill* MAf.KT.XM)(Af,KU S„-.(AM.</-0i(OH)
S„ (M.Xf.V

f - (Af,XT.)(H) <.,» (Af.K/.d

r„,:MAf,y/.,) 
r„r -(AM-(/..)
Si, ■ ' (M,)d/.,)

r„, -(M,K/..)
(m (Af,W/.i) 
r,n (AfdA/-)

(Af,)(/,). 
(ill (Af.X/.ili .Vu-5(AfK/.,)i

Af.(-ll)

t'iaHrr2. (•rnrralrrprcM'alution fa4iuraiMxpcctM,anlidi,aiid MXloftlw •jxIrmAf figure I Inreriwaof welxls Af,.llCTi»dx I „ H U>«s and OH k»«

Valuinr A. NtMi>Wr I. Jsiwarr :
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l< shoiiM Ik* noti'd ih;ii this nniMlion docs not mIIow Ihu ror- 
million of two ililfcront solids involving a metal and a lignnd 
(there is no third index). This is being nKidiOcd in newer ver­
sions of I he proitriini.

Ihire is no t'otnpiiiniional reason to dilTcrcnliate helwcen 
solids nnd roini>om*nls of tuts phuses a( constant partial pres­
sure MiKe III Ixiih enses we can write the solubility equation in 
the general form;

I - 111)* (2)

where k (in fat I. k,,) is correeted by (he right power of A'r in 
ease <• O and lonluins the partial pressure in ruse wc aretlciil- 
ing with n giis phase. Consetiucnlly Ixilh stdid and gas phase 
coniptHienis will he referred toby the Idler5.

Now I igiirc I can be rcwriilen in general terms, as shown in 
I'igtire 2.

In this tableau the thrcc-tlimensional arrays of numbers K, 
n, d. y iim) the two-dimensional arrays A, i. g. X completely de- 
serihe the general chemical properties of the system. Figure 5 
shows these eight arrays of numbers.

t o he able to solve a problem wc need as many equaltnns as 
we hnve unkruiwns. It is convenient to consider iheconccntra- 
timis tif the iompkxcs as scconitary unknowns given from 
the printip.il unknowns W„ L<,antt II by F^tuation I. Wc thus 
need an equation for every metal (^H), for every ligand 

;*nd ft>f the prt>ion. These equations arc given by the 
parj ic ulur comlit ions of (he system in different cases.

( ase U ht-rc No .Solid Ls IVcscnI. lx.*( us first suppoM: that in 
our exiiinolc the jiystcm hjis been made by adding lU** mole 
of ferric phosphate (I el^d. Iff* * mole of calcium hydroxide, 
Oiv(OII)?, and 10^ mole olcarbon dioxide (CO-) in I liter of 
water. Suppose also (hat we know that no solid phase is present 
and that wc study the equilibrium before (he gas phase has had 
lime In form. Wc can then write down the mole balance 
equation for each melal (^ H)and each ligand (?^OH).

M,: 10 « - [W.l f [CnJ + (C„,I -I- |r„,J + [C„I (J.l)

10 • - (A/:I ( K „,J 4 [C„,l 4- |C,nI + (.1.2)

10 * « 1/..1 + (r,„) 4- (CmJ 4- (Cwl + (Ci.J (3.3) ill

L.: I0-* It,I + ir,„l 4- (Cml +
IC«.1 + 4 ICml 0.4)

In general.

n«ru
«0M

iTpT
t 1
1

II

• • '
4s y
i i 1 1

1 *

0 1

1

1

1 1 is
iri* H

T'Ctf M, « IM.) 1 ^ (sum on line i of I igiirc 2)

TOTL, *» lt,l 4- 12 d./*K'.2*l on column / ofi.t

f igure 2) (.1)

where TOPM. ami 70/ f., are the ttnalylital or lotaUom ei>- 
Inilions of the metal A/, unil the ligaml /.,. respei lively.

We need one more equation for ()i); dilferent iiises inn be 
cniertnined. first, wc might know the pll either betause wc 
have mc.isurctl it exj»erinuiitally or Ixvmise we hnve iiut>nsi*tl 
it piaelk-ally or toiKipliially by ntUling a butfer whith 
has no inieriielion (other ihaii through the proton eoni'enira- 
linn) with the chcminils we are Interested in. In this ease the 
problem i.s(rjvial;(M)islixed(pM " 5.21 in our ox.iinple) and 
we do not need any other equation If the pi I is not known, wc 
have to compute it by using cither the cleclToneutrnlity or the 
proton eondilion. fhest* two equations are known to he niaih- 
emalirally (not eonipui.itinnally) ei|uivalen( and can he tic- 
duced from each other by roinbinalinn with the mote bnlanees 
(Equations J» For the elcclrttnculralily condition to be writ­
ten, wc m*«d In iikIiuU* the charges of each melal and each lig­
and in the tiala ami then to compute the charge of every com­
plex. The elcelmneuirnlily equation also has the compula- 
(ionnl dismlvantage that for any salt present in high concen­
tration and essentially free, we will add and subtract the 
concentrations of the cations and anuvns, respectively, in such 
a way as locrcaie a round-otf error (hat might not he negligible.

For these rcayms we have judged it preferable In use the pro­
ton condition:

12 “acids” put into the system -12 "bases” put into the 
system - J2 all species containing H ‘ -

^ all species containing ()M '

Trts equation c -mes from (he cnaservalion niuaiions of II * 
and OM" and from the fuel that for any proton protluced by 
the dissociation of water there is a corresponding hydroxide 

. ion protlucctl.
The definilinns of "acids** and "bases" are, of course, rela­

tive to our choice of metals and li^mls - e g., if CO,* L, 
then IICO, <U/.») and C(),(n,Li) arc acids; if CO, s Li Ihen 
HCt), (OH/.,)amlCO,» ((<)H)-Xil arc Iwses.

With our notation, the proton condition can be written in 
(hegeneral form;

ro; H - [HI - [OH1 + L a„.(C „.I -
ta*l r«*J.k

w

Tahk I. Sm-rrssbe Computed SulutiofM for the Kqullihrlum Values of Fret MetaUand C.iRaadsfor anirwdlll) Ca*^ COi'- PO,*" 
.Syvtrm iiiHlcr ( nnditiofts Where No Stdid Forms and Is Comidrred a Nonvolatile Speclca

Components: {( vPU.It - 10 ; lCa(OII),lr “ 10 *A/;|(.VIJr - 10 «.tf.1beeqailJMuaieompmi(k»n Urampuicd withswmdral aerwary
by (he tenth llcratloattrralton

no. |A/,| (A/,1 ir.l U-d |H|
0

I 00 X 10 * I on X 10 • 1 00 X 10 -• 1 00 X 10 ' 1 00 X 10 «1
1 no X 10 » 4 90 X 10 »> 2 43 X 10 • 2 89 X 10 '• 1 no X 10^2
9 89 X 10 ‘ 2 59 X 10 '* 1 80 X 10 * 7 12 X 10 " 1 26 X 10 ^3
9 ‘♦0 X 10 ‘ 6 30 X 10 '* t 80 X 10 * 2 fd X 10 '« 2 HO X I0-*4
9 92 X 10 ‘ 1 39 X 10 •• 1 HO X 10 * 2 f»l X 10 '* 3 16 X 10 * ■5
9 9R X 10 * 3 87 X 10 • 1 HO X 10 • 2 61 X 10 '* 3 02 X 10 •6
9 98 X 10 • 9 66 X 10 »• 8 06 X 10 * 2 61 X 10 " 5 64 X 10 •7
9 98 X 10 ‘ 1 88 X IO-»' 8 42 X 10 • 4 79 X 10 '* 6 17 X 10 •e
9 98 X 10 » 3 94 X in '* 8 46 X 10 • 8 13 X 10 •* 6 II X 10 «9
9 9H X 10 * 9 33 X 10 •* 8 46 X 10 • H 19 X 10“ 6 11 X 10 •10
9 9R X 10 ‘ 9 33 X 10-'* 8 46 X 10 * 8 19 X 10'“ 6 II X I0-*

It rJlHmn t.i.t

7'OrM is an input into (he problem whose value will cor- 
respontl to the experimental base-neulrali/ing capat it y (respec­
tive acid-neutralizing capacity) of the .system if the compo- 
nenis are written in (heir tesisl-prolonntcd (respective ntost pro- 
lonatcd) form. If only neolr.dtomponents are chosen, the pro­
ton ronililion is strictly identical to the electroneulralily con­
dition In our exHinpU*. if CO,* r-' t.t anti CaiOlIf r : Af. then 
70/II T base-nt’iilriih/ing iiit>ii< i(y; if ( 0| >• ,/.| anil C a” 
^ Af| then /OfU = aiiifueutrab/mg «ap.u iiy, Since in this 
ease nor eboiee is mixed tC O,* = i f.i and ( a" • ■ A/,) TO! 11 
has nti direcl eoperimenlnl meaning.

In our particular exaiiiple (he (iroton ctuuliiion is written:

I ii'tirf .t. I he arra> i «*f s(;iWllt» rnntlnnfx and stnlfbt.pniftrlc ctM-lfl- 
<i« nis ((.{iiiml to ilrMfilir IIn* Irnntlll) ( •'* rdi' 1*0,* xyUfm 
ttt n;ilrf
< < for A.. - m ‘'.I. * (omptntd fnr p. o, -
«l I .ririrnt r A Otiinntney

TOIW nu - i(«M 1 K *m| I 2|C, 
2I<-.:-I I Mf-d - [C...1 - U'-.d -

(Ch,) '

•1 1 If . il I 
?{< -.1 - 1 
If V.I I [( ,„1 (I I) I

where roril - 2(CO,lr - 2lCa(OH),lr - 2 X 10 * - 2 X 
Jti * - I R X la >.

liquations 3 and 4 completely define the system once the 
sceondury variables have been replaced by their values (Equa­
tion I). 1n solve this system of ntmlincar equations wc have 
used a slightly mtxlirtcd Newlon-Raphson method. This in­
volves writing the general expressions of the dcriva'tives of 
liquations 1 and 4 with respect to the princ'ipal variables (A/,), 
(f.,), anti (If). It is a simple matter; the expressions are given in 
the Appendix. The Newlon-Raphson method starts from an 
initial guess and improves it by use of the Iterative procedure

X.n - -V,-7.“‘l\ *

Where X. is the approximation of the solution vector S in 
the system 1 (.V) ^ Q at (he nth iteration and .('.m is its im­
provement at the next iteration. J is the Jacobian matrix of the 
system. ) . is l‘(.t.) and J, is y(.^«) For details we, for ex­
ample. Isaac «m and Kel|er(l%6).

Tti avoid the tonvcrgencc toward a negative solulion wc have 
slightly mtHlilu'ii (his iterative procedure and developed the 
cnipirical rule to simply divide by 10 any corventraliun that 
the Newton-Raphson iteration would make negative- i.c., if 

< (Make instead (A',,,')' - A'.‘/I0. Hiis••(rick** seems 
to work well. Table I shows how the solutiem of our particular 
example (10 *M fePO,; 10 *Af Ca(OH),; IO *Af C(),| was 
found, starting with the initial guess Ihnl each free HKlal and 
ciuh free ligand concentration was 10 *A/ol equilibrium.

At the tenth iteration the values were judged to verify the

equations satisfactorily. Specifically: |righl-hand side of Fq. 3
— left-hand side of Lq Ij < lO * X left-hand side, Eq. 3 and a 
similar condition for Equation 4. The negative logarithm ' 
the concentrations of every .species at equilibrium is shuv 
Figure 4.

Case Where Known Solid l*hases or Gat-rhaae Componenti 
at Fixed Fartial rrevuirc Avc Firxent. In continuing to work 
on our ironflli) caltium enritonale phosphate system, sup­
pose that the particular condiitons arc: pcs • 3 X Mb *atm; 
(CadPOdiOMlr - 2 X 10 *A/;II cPO,|r - 10 «Af;(H,POdr
- 3 X in *A/; and if wc know that the solid phases 
Ca»0H(f*0*)i. All. and FePO*. A,,, are present at equilibrium, 
then Equations I dclining the stTondary variables, {r.,]. are 
still the same. Defining as the number of moles of solid 
S., or gas S., per liter of solulion (a bizarre but convenient 
dcHnition), wc can write (he mole balance equations:

M,: roiM, - 5 [5„) + (rhs. Equation 3.1) (5.1)

Af,: TOTM^ - bV„l f (rhs. Equation 3.2) (5.2)

L,: ror/., - 15„J 4- (rhs, I-qualion 3.1) (5-1)

U: TOTLt - 1l.S„l 4- [S,,] 4 (rhs. Equaliim 3.4) (5.4) 
and the proton condii ion:

H-. roni - ~i.s\o 4 215,,) 4- trhs. 4.i) (6.i)

The general Equations 5 and bare easily written similarly to 3and4:

♦
p/., - 8.07 pU • 14 09 pt, - 8.49

pM, - 4.00
pf',„ - 10 12 
pC,„ - 6 71

pCm - 10 70 pT,., - II 39

pAf, - M.OJ
P('n, - 11 13 pTti, " 8 22 

/X m » 6 01 
P<m - IJ 99

P^f» - 3.21
pr,„ - 3 68 
pC - .1 in

pf - 7 50 
pf m - 6 01 
pTr, - 9 1.1

I'luiiTV 4. Hrxulis ol n|uiliU)uin rrmputitlon for an hoiHlII) ( a*‘ < <»,» ' ■>Mrm In ahM-iKe of m>IW or a«f phase*

1)h> uMrau ci'rt the nocxd't toimrillmi (r( 1> of nth mrUl (cm. liaaid. pratmltd «tnl rnn,|>bx s( «<|tiilibriw»

Vo)»ow a. Ntoobff I. Jsoi»t) 1*71
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5ti, c««mcl*d; 5«. S« wt Twwcitd; Sn m i«** twwfctrf
-«*: j J”; *■; j,,

rOTM. - IM.) + E *.,1-S.,I + ^ a.,JC„J 
Tfir/., - [t,i + E i..t5.,i + ^ 

rorii > (HI - lotn + E + E «./4C,J -
laRt vq« laKT«w

/ J*

E + E ^v[5.,i +
u«l ^unn l«*t rxIUMN 1|

t t>
(6)

l.cl us ((true hutk t(i our example. Not kntwinf what the 
vulut of tCOilpllr is. we can lake it to be lomc sumciently 
Ijirae number, say {C'Oilr - O.IA/;thcn

TOTM, - 3(Ca.(PO.)X>ll)t - HTW

rOTM, - If el’OJr - 10-'M

ron., - - lo-'M
Tort, - }[Ca.|PO,)«»l)r + irePOO, +

IH.POJr - lO-’M

Toni - -|Ca.(PO,),OH|r + 2(CX)Jr +
3tM.ro.lr - J.07 X lO-'M

We have introduced three new unknowns l.Sul. ISul. l^rd'. 
correspondingly, wc can write three new equations of the 
type 2:

Italher than to solve this new system with the new unknowns 
(5s,1 (which s'lrc. in fsiit, onlj^ rormnliy dclincd), wv havv cho­
sen to eliminate systcmntically those unknowns and thu.s to re* 
duce Ihu numlxT of cqiinlinns.

Wc JihpU jwy that solids arc connrcltd whenever they share 
■ common mcliil or a common ligaml. Wc shnU also say that 
solids are connected whenever they ere conncctetl to a com­
mon solid (Figure ^).

Whenever wc have a family of connected solids, wc can ar­
bitrarily select a principal variable among llu* niclals and (he 
ligands involved in sikH a family and, using F.c|iia(ions 2, de­
fine the Olhcr metals and ligands involved as sexondary vari­
ables. Por example, choosing (If) and (Lt> as priruiipal vari­
ables in oiir system, we get:

from (2.3): U.,1 - (7 1)

from(2 2); (W.l - 10 *" (Ltl ' (7.2)

from (2.1); IM.) - IQ- " •■(/-d (7.3)

In general:

(secondary variable] • ^ (priiKipal variablef (lir’ (7)

For simplicity (H| is always chosen as a principal variable and 
(he coenkicnls r, and r' ran be computed on a systematic 
basis. It can be easily verified that the crKflicicnts r and r' so 
dcHncd for each new sccombry variable arc those that will 
eliminate the (5.,) from Bqiiations 5 and 6:

(equation with (5„) eliminated) -
(cquatron of principal variable) +

»• (equation of connected secondary variable)

CMc« «•»«•...w'w.;;

«W[5]'0>.

"I -
r«t«

4* 53 (equation of any secondary variable)
only for proton condition. m W

In our example:
Equation 5.4 - 3/5(5.1) - (5.2) gives:

TOTL, -3/5 TOTM, - TOTM, - (rh.s. 3.4) -
3/5(rhs, 3.1) - (rhs, 3.2) (8.1) 

and

Equation 6.1 + 1/3(5.!) - 2(5.3) gives:

ovi,:;

i lgure 7. Koutinc fur nKKUtying (be tuttlina k1 of nllds Im a systCM 
at each Magr in (hr compulallno

unknowns (If and /.,). The srcomlary unknowns arc given by 
Equiilions I and 7. Ihe derivatives of thosccqiialionswith rc- 
s(iec ( In the principal variables are easily computed from the 
rlcrivniivcs of Erpiations 3 and 4 (.see Appendix). The New- 
lon-Kiiphson mclhiHican then be used as before and Table II 
shows bow the solution of our example Ipijt, - 3 X Id *a(m; 
2 X 10 apatite; U» »M | vIH),; 3 X 10 »M H.PO.) was 
fminti starting with the initial guess that every free metal and 
every free ligand were lo "M ul equilibrium (in fad. only (Hj 
ami (f.?) sire important since the others are computed as scc- 
ondsiry Viiriables).

At (he tenth ilemtion, the values were judged to verify the 
equations satisfactorily. The negative logarithms of Ihe 
cofHentrutinns of every species at equilibrium arc shown in 
Figure 6.

Case \41irrr the .Solid Phases IVcacnt Are (Jnliwma. It is not 
nlwiiyr po.ssibk' lo know, a priori, which solid phases arc ac­
tually present at equilibiivim; wc might guevs (hat a solid is 
present while it is in fact completely dissolved at equilibrium 
nr. reciprocally, we might not foresee (he prcripilbtion of a cer- 

' lain solid. In the first of those cases the system of equations 
has a solution lhal corresponds lo a negative 15,,). On Ihe 
other hand, if we have not foreseen the presence of a solid that 
<liH*s exist at equilibrium, the set of conrcniralions that solves 
the problem simply exceeds (he corresponding soliildlity prod­
uct. In either of (hose cases a solution can lie computed on 
which (he chosen set of .solids can be ti'sied. One can then mod­
ify this choke and Marl a new compulation. This process is re­
peated until, hopefully, the right set of solids is found. The fol­
lowing rliagram shows h<rw m»r program modities the set of 
soIkIs after each cr>mputalion. Other ways are, of course, pos-

i;::

klttur* n. F.xawpin of “riovd*' fandlkt of cwmMlrd mII4i

.9h, .Tti. .Sti, .V,i, .S,| is a "rioard” fnaiili of cowwrt*^ wlidt. Xtu
•^11. it bIm • ''rbn^d** fainily of soMwciad Bottdt tWKO H and Oil ara 
Ml it*drpMd«n(. (Wairr Su)

We have chosen to '‘precipitate’* ami "dissolve" solids one 
by one lo change (he system as little as possiltic and to uk’ the 
solution of the preceding conipulotion as a gmHl guess In start 
the new one. Wc have also chosen lo'MissoIvi-" solids before 
"precipitating" them to avoid (he creation of a "closed" fam­
ily of connected solids (Figure 8).
Such families are defined by

"number of metals" ■( "number of ligands" <
"number of solids"

and they can be shown to be. in gencTal. impossible nwre* 
applying the Gibbs phn.se rule. In the example of Figure k 
coellicients X arc all .supposed to be rertt. If the pi I is arbitrar­
ily lixed one needs an aildilional degree of ffcedom and the ex- 
amplcsare valid even with nonrero .\ uH'llkienls.

The scheme of Figure 7 works only for sidiils and no provi- 
ston has been made in Ihe progrant to compute cqudrbrium of 
gas phasi'S at constant volume. It is thus imiHHlanl lo impose 
a suHiciently high total corn cniration of (hr known gas-phase 
components to avoid trouble with the "dissolving" rouiiire. 
I igurc 9 shows how the scheme of I igure 7 worked in the ex­
ample previously treated (p,» 3 X III *atm;2x 10 *M 
apatite; 10 *M Fel*0,; 3 x 10 *M MiFOp) where the solids 
5ii. CaCOi, and 5i„ I c(OH)i, were imposed instead of 5n 
and 5n-

These numhers at iteration 25 arc. of course, idenikai to 
those found before (Fable II). Cv means that the program 
ennvergetial that iteration i.e., the vabieson that line are Ihe 
mathematical solution of (he system when the corresponding 
solids arc imposed up lo that point. For example, at the third 
iterntioTv, Su and 5-i arc im|voscd; at the 20ih iteration, 5ti,

.3..: (M.iu.llur' - icr*" (2.1)
roni + MiTOTM. ~ ITOTL. - (th>, 4.1) + tible; this one seenu to work well (Figure 7). 5it, and 5ti arc imposed.

.3n:|M,|f..l -'lO-x*
(2.2)

l/5(rhj, 1.1) - 2(rhs, 3.3) (S.2) Ilerniion

5.,-.l«nM -I0>"
(2.1) Wc then hive two cqualionl (8.1 and 8.2) and two primipal no. (Afi)

|M.I
(^.1 [/..I

(HI

fiU - 9.63 pU - 10.01 pU - « 17

pMx - 2.64
pTm " 10 32 
PC„. - 7 12

pTm - 5 48 pC,., - 10 00

Km - to 43 pC,., - 4 4f>
pM, - 12.99 K'... - 7 53

pC„. IS 1)7

pC„, - 3 46 pCm - 3 64
PM, - 5.43 pT.,, - 3 IN pT„, - 2 37

K m ■’ 5 90 ____ __

0
3 16 X Id-’ 1 26 X 10 '• 3 16 X 10 • 1 00 X 10 ■

'iooxio'*
3 lev) 4 44 X I0-* 6 50 X 10 '• 1 06 X 10 • 8 (81 X 10 ' 1 73 X 10 •

Solid 5,1 "dissolves"
h(cv)

4 41 X in-' 1 7 36 X 10 " 1 9 57 X 10 • 1 7 58 X 10 ’ 1 1 1 82 X 10 •

Solid 5,, "prcTipiuics"
14 (CV) 3 01 X 10 '^1 1 63 X to ■' 1 1 23 X rn '• 1 6 88 X 10 " 1 5 06 X 10 •

Solid 5„ "prcxipitales"
2D(cv) 4 78 X in • j 1 48 X 10 " 1 1 .12 X in • 1 6 77 X 10 '• 1 4 89 X 10 '

.Solid 5„ "rlissolviV
2Mcv)

2 .10 X 10 ■ 1 1 in X 10 '* 1 2 3.1 X 10 " 1 1 ’ 4 f.7 X 10 " [ 3 68 V 10 •

(uurv 4.1 MHiliUluai o>i

O
o
o
cr>Ob

i.v..rikrrro«(lll) r>" ro.' mi,' ...Irm-llkc,,., ’ Jx lO '.li. .»H-ilh<».rfll«p,i.~«ip>i.'«<.fll«rron,lll, f .” to.’ Ml,' «).li 
ll‘0,IA>l •ml I xMl.d) »xl..li"l! •! tqi.miifilini

I imirr?. llli.M..li.innfMirt...i.rnmlinc.lk.».»rv'llil.ln««lnmllll) < •" I I'tl.’ ...nm «k.T, •• Inlll.ilC. lm|H«-.l... »l mIM.-«. •• 
(h.-n|tiililqium.cllmRK-ntnUit».n.p.iMTi.Mrllrxcrpllkal  lh«-...lit). I hC (,,(xlpHq I .xOlIf.t.) .ixr impowil al .......... ...... cm-p-mih'-I

nn i» aUBHiadAt (be lS(b urralMn (It* e«tr<t aH af aotMa baa been Iwmefi and (be equilibriimi r

A2 l-iitirnnmmlal .<<CMtire A Te<(uw(*tr

VnImiK t. N..P.I*. I. J.'—', I”J *J O
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luhic II. StKii-ssivv C StHulMHK for the Valm-s of I rve Mvtali and I in Jii IniiidlU ( m" ( (),*
rO,* SxMrm \>hcrr /Vn, U hixrd and iHc < ad)ll(r(>4>, («) anti I Vm,(s) Arc iit I

(..nip.in<-nM;|<aONll‘<l,)i|r ' IX 10 'A/;|l rl*0,ir 10 M/:(ll.lfMr » J X 10 i X 10 < aim. liir c«(uilil>rluni roin|M.sl.

lalili- III. I.isi of Mvisl l<Mis nnil I luand<i (Idcniilkd b> NumUr| and Ihrir Inlal ( iHHvMratntnh (Solid, Aqu*^, and <;aa 
riusck) in a I lyp«dhrliral Model System of 20 MetaK and Jl I iitands'*

tkM Isrr accuracy by (Ite U-niU Kccatbin.
lirraiion

2
3
4 
fi 
b 
7 
K

10

(AM

A ^hX 10 *
1 02 X 10 * 
5.3» X 10 ‘
2 77 X 10 •
1 41 X 10 • 
5 54 X 10 *
3 83 X 10*
2 M X IO-» 
2 35 X 10 ■ 
2 30 X 10 • 
2 30 X 10 *

IA/,1

I 00 X 10 '* 
4 W X 10 ” 
4 W X 10 '• 
4 w X in •• 
4 W X 10 " 
4 41 X 10-'* 
I 94 X 10 •• 
I 30 X 10 '* 
I 06 X IO-'» 
I 03 X 10 '* 
1 03 X 10'*

(f.)

3 16 X 10 • 
9 90 X in * 
6 01 X 10 *
4 61 X 10 •
3 97 X 10 '• 
2 15 X 10 *• 
6 29 X 10 " 
2 47 X 10 '• 
2 22 X 10 •• 
2.33 X 10 '• 
2 33 X l0-«*

Ktl

1 no X 10 '
2 IN) X 10 '
2 no X 10 • 
2 INI X 10 » 
2 Ul X 10 '* 
2 26 X 10 " 
5 14 X 10 " 
7 71 X 10 " 
9 43 X 10 " 
9 67 X 10 ” 
9 67 X 10 "

(Ml

1 INI X 10 • 
.5 6 5 X 10 *
2 29 X ID * 
8 2K X 10 '
2 R2 X 10 *
3 83 X 10 * 
7 09 X 10 * 
3 58 X lO* 
3 78 X 10 * 
3 6H X 10 • 
3 68 X 10 *

llcwrlpliM of Ihc Prr>|{ram. The progrAm Is wrillcn in 
iitwiNsN and is itstially run on nn him 360/75 computer. Il is 
inaile up of 11 principal subroutines orgHnized in the following 
way (I tgure 10):

IMMM IS a subruiiline lh:il reads the data: general sloiehio- 
iiK-trie and ihanuHlynaniic data; special conditions of Ihc 
probk'iii; lolal toneenlralions of metals und ligands, pll, or 

guesses for the free eonccnl rat ions of metals and lig- 
nmls and chosen sets of.vilids.

VM MX) linds out if any .solid is present; scans the inbleau for 
fiiiiMlies of (onnaled solids; defines the principal and secon­

dary v.^riaHcs; and computes the coi'fTicienis p. r. and r'.
pui iNv» cooipoies the secondary variohles M and L (other 

than O in ftirxlion of ihe principal variables using >•, r. and r*.

V( v/ioiiipMlesihe vrondiiry variables. C, Ihc nude balance 
etpctltons lor eai.h metal and ligand (^H or OM) ami their 
clenvaiivcs with respect to every ntelal and ligaml. lly coin- 
puling a nx)lc balance ec|u;i(ion, we mean tlmling the actual 
nuiiH'ric.'il ililTercm'c between the sum of Ihc concentrations of 
(he soluble species and the imposcil analytical (total) concen- 
Iraliitn of Ihe same component. In the same way the deriva­

tives are ihe nuoH'rical values obtained by replacing Ihe con- 
i4 nlrahonsb) Ibeir molar values in the fornul algebraic for­

mulas td ihe derivatives.

M avM lomputes the prolon condition equation, ils deriva­

tives with res[H*c l to esery metal and ligand, and Ihe derivatives 
tif all the equ.thons with respect to II.

• IM*! )

('.'1 ifi') )

I ]
........

1tvitSl|

• »h].
-----

Ic.-v.tl"—'""- J

I ieuri- to. ( liarl slmoinu <he iKKanl/nlkwi vf die prlucipid suhroulinn 
i>l ihr r<>m|Hil«T ftiogram

M I noroiiiiMiU.il Vrioirr A lesbiMtlnK)

Mooir modifies the ctpialions in nccnrdnnee with our thttice 
of pritK'ipal and secondary variables ie., eliminates the 
(>S„). It also modifies Ihc deiivatives accordingly.

rviFsr veriftes ibat the number of ileralums iI(k‘s not ex­
ceed any arbitrary niimlvr and (hecks whellu-r or not the equa­

tions are satislied within an arbitrary precision.

iiiBiN performs Ihe Ncw|nn-Rat>hson iieraiion using a 
Gaussian eliminutinn without iterative improvement to solve 
thcsyMemoflineRrequalions'.y.fX, - A.,,) = 1'..

IMVN. tompules the arrtount of every solir! precipitated and 
verifies that none is negalive. In ease some are negative, the 
leasl-prohiihtc solid ((S.,1 minimum) is no longer imposed 
and the compulation is rc.slarted.

(iiK.soi. verifies that no solubility prixlucl has Km ex- 
cecded. In case some are cxceederl, ihc solid for which Ihc 
driving force is giealesl U\M.il.,\)/K„ * maximunil is im­

posed and the compulation is restarted.

(MHMAr prints the output. Metals, ligands, and complexes 
are printed in a matrix form.

I'ixamplc of Compulation. 1 he following example shows Ihe 
applicnlion of ihe program to an equilibrium cutiipulalmn 
involving 20imt.its(4 H). 3I ligands (fOM). 738 complexes, 
83 psissihle solids. an<l one gas-phasc conipi>ncnl. I’ressurc, 
tempi.-r.ilure, ionic sirengih, pM, and oxidation rediKtion 
Mate are all laken to K lonsinnt. Table ill gives ihe list of Ihe 
metals and the hivmds (anti their identifying nuniK-rs) in­

volved with their imposed analylieal (lolal) concentrations.

Such an example can be seen to have some of the choTHc- 
terislics of certain well-known natural .systems. Ihc first 
guesses for Ihe free metal anil Ihe free ligaml conn ntralions 
were all laken to K* 10 *Af. I he chosen set of solulsal the start 
of the compulalion uml ils subsequent miKlilkalions by Ihe 
program are shown in I 'igiire 11.

The final result was found at the 56ih iterntion. figure 12 
gives the tableau of the thernuKlynamic data ami has Ken 
tk-4>osiled with Ihe American Ou-mical .SiK'iely Microlilin 
IVpository .Service. 1 able IV gives Ihe eonipiited equilibrium rorKcnlralions.

It is worthwhile to note that Ihe whole eomputalmii look a 
lillleless than tiO sec. I qiuhbrium soluliunsal olher pll’s were 
also computed with llns result ns a slarhog guess; il lakes 
uIXMil 35 Iterations to go from one pi I lo (be nest one, say 8 to 
9. Ihe compulalion was also made witlmul liMiie llu- pll. 
rf7/il -O.K.tAf. found in Ihe first compulation. w:is iin-I

1 C'n"
lit • "

Meliils
II fd"

in •• , CO,'
It) • ‘2 Mg"

III ' *
12 /n"

in •• 2
SO, » in • ^3 Sr"

1(1 " n Ni*^
Ift •* 3 n III • *4 K*

10 *•
14 llg»*

10 *• 4 I-
in *•5 Na‘

10-• *
15 l»h"

in '• 5 Hr
10 »•6

f e*» 1(1 * •
16 Co"

10 ’•
6 1

in ••7 If"
in ••

17 Co"
to *•

7 NM,
in *•8 Mn»* It) 18 Ag*

in ’•
8 S'-

10 •*9 <’ii**

10 *»
19 Cr"

10 *•
9 PO/

in ••in Uii*‘ in-'* 20 Al"
10 * •' 10 Pd).*

10 '•

I igamis 
l’.f)u * SiOtOllh' 
S.O.*
AC
AC-AC*

(ir 
ox
•SAI

lARr

21
22
23
24
25
26
27
28
29
30
31

• llic eguilthfiiim coni

OIP 
SOSAI 
<0 V

(il or pa*

NIA 
lOIA 
IK lA 
< t.SI MIC 
PMIII

10 *• 
10 '•
10 •• 
10 *• 
10 • •
10 '• 
10 ' » 
10 * *
10 *• I0-* 
10 '•

pi'i.iitHc, •time
o'^ulAu"''|'lll"'.wl*o^^^'' *'^*'**^ involves TUconMili^cs mn4 *\^ImIj IherYi niM $.ts ph.iic fumjioiictn. ( (I, PieiMire. »fm- 

aim, lumc sintigih

AC - accfHic 
A(Ar - acciylaccione 
fir •• ciif.tie

IN • cih>l<-Mi'ili.imine
llir ill|tyliilyi
viSAi. • sult'»s.>ticylate

niv » ftynne 
OIUT - gltil.imalr

IN lA - !.?.tli.immiKyili>hi'ianr.ti'l(aaccialc 
evil — cysitioi'
NtK “ lUH.iiil.Mninc (tlevferii rediniatnmcV 
Mint * philuliuc

posed and Ihe result (identical to Table lV)wasoh(aineil in 52 
ilerations MO *Af Ix ing Ihe systematic first guess and the cof- 
reel set of sniuls having Ken imposed). The storage space 
needed for Ihe program iisclf is about 50.0IN) bytes while il 
takes about 90.000 bytes to slore the data. In all Ihe examples 
we have laken a systematic guess of lO *M for every free eon- 
centration. not Krause wc could not find a KUcr one. but to 
.sh4)w ihal the domain of convcrgerMTc is ralher largc in general.

''V_y T he progF^mi has now Ken extensively tested on numerous 
small and large systems and we have Ken able lo cimverge 
toward Ihc solution in each case. The program is King cur­

rently motlified lo handle variations in Ihc ionic strength and 
oxidation reduction reactions.

To vary Ihc ionic strength, (wo sets of equilibrium constants 
arc Moreil. one at / O.ttAf. the other one at / - 0..5M. An 
inlerpoialion routine allows eompulalion of the set of con­

stants corresponding lo an intermediate ionic strength. An it-
Iteration 

no.

0 first g(H*sses: all frtr concenlrolions - 10 • A/ 
Chosen set of solids: Si^u 5«.*, S^.,, St n, 5i. y, 

■, .5'i|.n» 5}«_n. Syi-ilCO*(g»

31 dissolves

39 S, i pm ipiiales

42 5'i» n precipitates

45 .Vi t privipiialcs

49 Si., disstilvt s
53 .V, I lueiipiiates

I'ound set of-soliil: iS| .1, .S'l i,.Si -,.9»
■5iii •. .V, • i». .V,, .V|,,S|». II, ,V b. r. Su .((()•(»?))

See solution Table IV
l ie»rr It. SiKT4->s6f KMiilillniiliiiis ««r scH of wMirix la • 2n-mrt.il. 
.tl ligatMl naiilct stsUm

Alirf 5* ilrraliiMii an rt|iiihlifini» «m of 1.1 lolidt ( « ( (>,tel| b rmnid

cralive technique looping on Ihc whole program is envisagio 
to correct the cquifibrium lonslanis to the computed ionic 
strength of Ihe system.

Ihc redox reactions are handled in several ways. One way 
involves the use of optional complexes |NO»' mx NMi -i 
3 11.0 — 911* - 8c ),or 0)'lionul solids (MnOj Mn*' 4 
4011 - 2p - 2l(,0)whosccqudibritiineonsianlsaregivenas 
a fumtionofthepf of Ihe system Another wuy is lo define new 
Secondary variables til e'‘) ^ k\r IT e"]) nmih in the same 
way il has Ken shown for S4>luls. Ihc existing subroutines 
sii iNSOand M(H)iF arc used to handle these.
Appendix

OraivAiivisoi tin Mom Hai am i liooAiaiNs 
Ln KM, - (M.l + - 7orM,(- Ofiom Ei). 3)

YL, - (/..I + ^ mr„.l - rOTI., (. 0 (torn Eq. 3) 
ni . mi - |0H| ^ j: »[f „.I -

hat ru«'/.*
r 4 £ ■yir..d ~ roril < - O from F.q. 4)rnliimn

Hy use of l-guation I: K'.,,! - A .,d8f.n/-,l'1nr it follows: 
dl'M. 
i)(AM

on..
• 0 for f 4

r ft fiir / K' A

- I f

- I I ildlf

0(/.l 
OVAf.
0(Af.|

0)7 ,
•Jlf I

0)Af

OIU ........... .

V..l.....r ». I. ‘ c=

tfi

cn
cn



MclaW

Ca*'

Mg’"

Sr“

K*

N«'

1«Wc IV. I tiuilihtium f omiKnltkin of Ihr

, of -H.K - -P-"" - "" "Vv------ -

p^- 1- wu. po.» PjO..* inini*' SjO,»

y 0 
j no

A<i'K-iitiN SolulliMi I’ha^r for (hr MihIcI S)^(vm

plfhf^ »l a particular metal and Hitaiid- (ft) indicalca that a ftolM rihls at r^ul m,* tad (g) (adicates the paft p iml (C O).

I.ignntift 
Inlal conen Tree 

corKti

CO,*' 
0 3 
4 30

SO,*

1 3
2 no

a-
0 3 
0 30

F- 
2 0 
3 65

|- 
6 0 
6 05

NH, 
6 0 
7 23

S»

« 0 
32 35

PO,» 
> 0 

II in

7 0 
10 43

PiO..*

n 0

12 4

lOH),*

0 01 7 O

10 60 13.75

6 3 
6 37

I 0
1 2
2 7 
2 0 
n 3 
I 0 
B 0

2 30

1 28 
4 20

2 01 
Q 31 

18 90

8 95

4 iMs) 
3.17

4 II

3 30 1.99 
(ft)

3 32 
2 11 

18 48 
9 75

3 65(s) 
3 63

9 93 8.31

Mn»*
7 0 7 57 9 07 8 37

(u»*
1 5 7 90 1 59(,)

8.70

1 0 8 no
(ft)

td«'
6 II 8 28 .

10.78
9 09

/n»‘
1 0 6 80 7 60

Ni»'
6 0 6 14 7 15

Mg*'
6 (1 20 05 20 71

rh"
7 0 9 19 9 69

Co?‘
7 n

7.25 7.83

Co'*
4 0 26 70

Ag*
7 0 14 75 16 25

O’*
4 rt ti 20 12 20

Al"
fl ni 15 10 13 86

ir 8 (X) 2 901*) 8 20

18 39

8 85

7 17

8 30

6 00 
A. 27
6 M 
6 06

7.01

7 75

16 83 22 20 23.65 14.78

10.73
m 40 9 23

II 43 9 68 II 93 12 91

9 65 10 40 II 71

9 39 9 44 10 77
22.70

8 63 8 35 17 no 12 I3(ft)

11.09
13 97

10.33 12 48
23.78 26 31

13.35
7 00 18 38 .10 50

9 00(j) 
7 98 

10 88

20 no

12 47
13 40

17.38

7 93
7 12 
II .13 
10 15
8 04 23.13

9 51 
8 02 

12 58 
II 65 9.94

13 .50

17 43
16 13 
19 04
17 >5 
15 95 
32 65

14 41 
M 63 
13 81 
M 52 
8 51 

10 98 
18 79

n n) 
14 13 12.32 
12 .14

22 52

22 54 
21.21 
21 13

21 09 7.00

19 83

22 10

8.37 
7 15 

10 17

21 87 
12 12

11 44

12 37 
1) 97

13 65 
M 87 
12 Ot

12.29 
10 81 
8 75

6 01 27 92 7 28 9 91 12 51

(ft)

4 48
f., .................t!L!“Llr'!!!Ln> clro,. 1 03, OF. 2 32;04PO.).OH. I 4«;S,SO.. 2 72; FdOM,.. 1.00: Cu,CO,(OM).. 3.80; lUSO,. 100;

=■ i:«>K .,.i/nn - ofl[c.,.)/iiii
Uat r.il»inn

ovr,
0(M.|

OYM.

oini

0(Af.) ,.1.

E<MC...MIt| + E 1/(111
0(11) “ l.•ln.

1>) M
.H/,l 

0)11 
0|H|

- E ■» E "/'If.oM'-.l

, I I tOHWMl t EtV'...1/1"1 -)
E "V'.oi/ttiH E «v...W"i

,,p

OYLi i>YM.

OtMl or <X/.l ^ OlMlordiM

dYW OKA/.

0(Af| or dl/.l ' "’o(AHor 0{M

O
o
CP
1p»
CP

\V)i.-m V, r ii oilul .V., a new «ninilary variiil'lc

le .li lim-.l ;n i i.r.linn l.i I innilinn 7; «y 
(Af.l '

I li. II llii- ill riviilius arc nUKlilicJ in llic fiillowing way^

0) Af iir 017. 
o|/,1

OVMoioVL (Af.lOVMor OVf,
0|/..l • ’ ' If ,1 ■’!« I

M I .S»icmr « T»rh,mh>ar

11 66 12.32

22 20 20.72

22 45 9 77

7 O 
' 8 96

18.40 
1.1 2(

12 72 
9 06

|1 84 
II 16 
9 80

II 95 
II 21

16 14 
8 Ui

6 0 
16 12

7 12 
6 81 
9 72

10 22 
9 77

12 49 
6 22 

29 9 2 
12 OK 
II 72 
8 15

12 26 
26 77

.ftAI. 
6 1 

II 80
3 7 
6 94

6 44 3.82 
9 71

17.75 1195
(4 15

TABf 
6 0 
6 10

7 10 
6 38

7 0 
9 83

nia 
7 0 
7 97

.<H>ftAL 
7 0 

10 60

til V
6 O
7 81

9 73
8 12 11.43

ULUT

6 O
7 75

Hf

6 3
7 45

NTA

7.0 
12 28

HITA IK'TA
7 1 7 3

19 59 20 88

fV3T 
8 0 

16 II
NOT aMtll
8 0 7 1

21 65 7 15

8 85 8 15 8 18 11 19 10 88 12 85
7 13 6 34 8 16 14 18 II 86 8 94

10 34 9 93 11 47 15 19 13 07 13 95

14 48 12 52

II 80 
10 11
11 72
12 12 
10 rv(
9 18

II 47 
9 10 

19 49 
14 49 11.70

n 14
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HYM ordVL 
0(H| ”

am or 4)7. ' (Af,|4) Mnra)7.
14)11 ^ ” (HI 'XM.l

Futlhctmotc, since Die CMOalions arc nUKlilicrl accor.ling lo 
Ei|ualion8;My

new YL, - o)il VI., I- r ) M.

new VH - old V)l A a' VM.

( VAf, will he dixotdcil in Ihe rest of the comiiulalion.)

We have lo modify the derivalives fiirlhet;

4 V/.,
0(Af| or 0(L1 ■

4111

"'“alAflor 4(f,)

It shoiil.l lie noted that Ihe order in which those modilien- 
4)7., 0))l

lions are made is not indilferenl for j or 
&Viown hm* i5 the corrotl one.
/frAw'H'/fi/vMifH/

Ihift work w:ift ftnpporUMi in port hy ;i gr.inl from ll» (ntir 
thl I IH|. We tlianis Kussell Y.. M.D.ilf for help lo makiott 
Ihe comiMilaiitinft.

(

( ...»II
J
A.)

A'w

A/.
OK 
li )i5i,

roTM,
ron.

= complex A rt>rincd by reaction of M, with L,
=■ hydrogen ii>n
- J;icobi;tn matrix of Ihe xystem
* ilisctHiatiottconsInm for (he solid S„ (corrrcicd 

for ionic strength) 
ion product of water

- hguml)
« ntclal i
= hydrtrxidc ton
- ncgitiivc log.itilhnix of the concent rations 

™ solid formed hy reaction of M, with /,,
nnalyliciil (lohd) commtralions of iikIbK anti 

ligitndsirt.nll phases of Ihe sy.ft(em.res)>eclivcly 
(1 (.V) =« 0) = general system of egiiations lo be solved

CtHIIX t.l I ItRS

rt.,» -A stoivhioMwliie cot'flicienl of M, in C,,t
d.,» sloKhMimliit ctHlIicieiii of/., in r.,,
y.,* -f sioiihioMK-lric ctHlikicnl of H or DM in C„,
i., »■ sttiithioimuif ctHll'Kienl of M. in .S,,
P7.. ■■ slniiliioinetric ctK'diiienl of in S,,

*■ slt»irhit»meine tiK'llicicnt of II or OK in S^, 
» ctinslanls tlelined in text

' contenir.'ilions
^ iiomivi «>r inolcft t>f a sobsl.iiue uftcd to m.xke 

lip llu- sysii-m. per liter tif solulion 
tleliiu'S Ihe lorinuLis (dislincl fiom =)
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Fate of Trace Metats In Los Angeles County Wastewater Discharge

Fr*nco)« M. M. Mool,* John C. WMla«.' ClwrtM N. O-MoDo,' Jwiwi J. Mofgon’

Ralph M. Parsonft Uboralory lor W»\«r Rototacoft ond Hydrodyrtandca. Oogortment of Civl Ertginoerlng. 
MaswchuMns ktiiHut* of Tochnology. C«mbrld|;)», Moat. 02139

■ A rhemicnl equilihrium model of the Loa AoKtle* Coun­
ty aewaRe ia presented which accounU for the chemical ape* 
cialioit of trace metala. Many metala are found in very in* 
anUiWe aulfide (Zn. Hg. Ag. Cu. Cd. Pb) or oiide (Cr, Fe) 
forma, while aome (Ni, Co, Mn) arc relatively aoluble. A 
study of (be oiidalinn and dilution of the sewage by aeawa- 
ter (iemonatrafea (hat moat metala tend to be aolubilixed 
upon HiapoanI in the ocean and that unmeaaiirable incre* 
rnenta in the natural metal mneentrationa ahould result in 
(he farfield. It ia argued that the aewage particulate U not 
mobilized in (he vicinity of the outfall and that (he nearby 
aerlimenia are a mixture of naturally occurring aedimenta 
and aewage paniculate. About O.Mb uf the sewage pariicu* 
late -and ita metal content->ain ba accounted for in the 
reduced area.

The prnaihic short- and long-range effecta of the diapoaal 
of Irate metala in the coealal environment are a matter of 
grttwing concern, national management of such prartires is 
made difnciilt by lack of understanding of the factors that 
regulate the fate of metals in (t)e ocean. This report repre- 
aenia an effort to confront our understanding of the chem- 
ialry of wastewalera discharged into seawater with experi­
mental Hala on the enneentrationi of various metala In 
aedimenta ad)srent tit a major milfsll system. The Firal sec- 
iitin of this rept»rt outlines some background information 
on Ihr -loint Water Pollution Control Project (dWPCP) of 
the l^ts Angeles ('larnty Sanitation District chosen for (his 
study. In the second section, chemical equilibrium models 
of sewngr and sewnge-seawater mialurcs are employed to 
eismine (he possible speriation of trace metals that arc 
disrhargni 'I'he fate of metals deposited in the area adja­
cent to the oiitfslls is discussed in the third seclii n.

* Prc«^nt address. IVfMrIment nf ('hemistry. Missschusetta In­
al ihiie of TerhiHibif V. Gsmbridga, Msas.

' I'le^rnt siblreH*. Depii?lm*n< nf KnvirofuwenUl Science and 
KnstnFi'rins. Srbool iif Public llesllh, tiniversity nf North (5arii- 
b««s, Chapel Hill. N.C

' I'rraenI sdciteaa. W. M. Keck Laboratory, ralifornis fnetitute 
i>f Tei'hnnlocv. Psssdrns. Calif.

7Se CovVoomeoUl Science 4 70chnohgy

JWPCP Out fail Sytiftn

The JWPCP outfall system is well suited for a study on 
the fata of metallic pollutants for several reasons:

1. 7T>e quantitiee of wastewater are very large ('‘^370 
mgd) and they consist of both domestic and industrial sew­
age containing high metal concentrafions, so that the ef­
fects are most dramatic end easily measured. Table 1 gives 
the average concentrations in the treated effluent of 11 
metals selected for this study. These concentrations are 
compared to the concentrations in the Southern ('alifornia 
coastal waters and the ratios are indicative of ptissible mag­
nitudes of effecU. Chromium and lead ate comparatively 
(he moat concentrated metals in the sewage with ratios

of cbout 4tM)0 and ROOO, res)>eclively. The 
last three columns of Tsbie ( give mass emission rsles for 
the metals studied: JWPCP oulfsits are major contrilmtnrs 
of metala lo the Bight For several metals they account for 
more than a quarter of the toul input estimated as the sum 
of sewers, rivers, rainfall, serial fallout, vessel dumping, 
and various discrete sources.

2. The JWPCP sewage treatment is fairly typical of 
commonly used primary treatment techniques. The sedi­
mented sludge is digested anaerobically, centrifuged, and 
the ccnlrale is re-mixed with the primary effluent, contrib­
uting much of its particulate—and meUi —load.

3. The two main JWl'CP submarirw mitfslls—a 90-in. 
outfall and a 120-in. “dog leg" outfall, iN.th discharg­

ing at a depth of 60 meters at the edge of the continental 
thelf—have been designed for speerfir hydraulic perfor­
mance; the rise of the plume as well as the dilulicm of sew­
age hy seawater have bwn especially well studied (/).

4. Monitoring pntgrsms of the sewage rom(Misi(inn have 
h<*bn carrietl out at the .IWPf:i» plant (21, and a study <»f 
the metal concentrations in the nearby se<iimen(s hss Iwen 
completed (3) so that an experimental data base is avail­able.

F(/ui/i6rtuni Afodefs

To discuss the behavior i»f sewage up<tn dilution and oxi­
dation, it is first necessary (o understand ibe redox level 
and speciation of metals in the sewage itself. For this pur- 

I

|-«r, a rhrmi. nl rimililiri.iin tmalal «, S) „t ihr in.iraanir 
in ha, h,a„ uaad; u. thi. Iia.ic in.„,,„;c

in.,.lrl a an of rapmanlaliva nr|anic linanda and an ad- 
...rlnn, a.irfan, hava baan addad, and lha affacla of both on 
metal s(ieciAtion will he seen.

I ha input to lha inurfanic modal inaludaa tha analytiral 
^■lmranl^nlll,n« of Irara malala found in nawaiia. lha analyli- 
ral cunranltiiliona iif majoF matnia and linanda, and lha 
maasiirad pH of 7.7 (T.hia II, column I), Bac.uaa lha rad... 
leva! Ip.) la nnl an aipanmanUlly maaaurad quantity, wa 
hava allainptad In find a ranya iif p, whara lha ralruljiad 
pnFlilion of malala hatwaan lha parlicul.ta and luiliihla 
phaaaa ni.lrha. lha a»,».,imanlally dalarminad fillar.hia/ 
nmifill^arahla fF.clion.l,„ii, In lha JWfCP aaw.ya, lha p. i. 
pt.ihahlv Im.i daacrihad aa a function of tha faactaiially ma-
aisled reduction of sulfate.

SO«>- + 81{* + 8e- - S*- + 4HA3

■■.Iiiiilad with lha oiidation of oryanic carbon. Tha anivily 
of SO, - la much yra.tar than that of S'- and affaclivaly 
conalanl: I hiia, lha fraa aulfida aclivily-hanca lha loluhil. 
lly of malal aulfiilaa- -i, a valuabla indicator of tha radoa 
lavaj "f (It could ba aryiiad har, that maul. ar.
randarruf maolubl, by pracipiUliun with compla, ory.nic 
m.llar; huwavar, tha paucity of dal. on auch form. di« 
not allow thair inclu.i.io in lha modal. In any caaa, aquilib. 
rium Iwtwaan malala and aulfida-wilh tha raaulliny nra. 
cipilalmn of vary inwrhibla maul auindat-ouyht to ha « 
y.«.d approaimation for .awiqia r.bich hm baan diyaatad (n).j

Traca malal apacialion aa a function of tha nayaliva loya.
J'•'""oantralion in tha aaw.ya 
IplOTS ) « pra.,anlad in Fiyura I. ft ia ahown lhal over 
lha ranya pTOTS'- - 3 f-h.h. lha aclivity of f,„ .u|fiH, 
ion la conirollad aiircaaaivaly by lha aiilubilitiaa of iron 
rinc, and copper aulfida.; accordinyly lha ^ a. cumputad 
from lha aulfata/aulfida aqiiilibrium variat over Ihraa pla- 
la.ua al p, -4.0, -0.47, ,„o 2.94. (For folur. ,l«dy il 
ahoiild lie nnlad that im|mrtanl analytical information 
ahoiil aawayr romprwilion ia yiven ailhar bv a pr«-i„ maa- 
aiire of lha fraa aulfida cuncanlration or hy ihr relative ina- 
.Wicl cr.ncaniraliuna of copper, rinc, iron, and aulfida. 
Il.iulina analvlical tachniquaa that are now in uaa do not 
really yield either.)

Kaparimanl.l daU (2, 3) ahow lha majority of trace mat- 
ala lo ha in lha rmnnllarable fraction of aewaya, with lha 
a.crption of nickel, coh.lt, and many.naaa found in ap. 
proaimalaly equal concantrationa in the fillarabla and non-

tillrr.hla fraction.. |••N„nnllar.hl,■• i, n,wrath,„.lly da* 
fi^nad M lha wilid ral.mcd hy a 0 45 pM Millip„r. ?,|m,
I hi. I. taken ai an .ppro,imali,.n r,f lha toul ...apandad 

mallar. In .llomjiliny lo match the., data lo a ,a,hm u',' 
Figure I, one fmds the transition range between pt -4.0 
and p« -3,47 to he in re«sonable agreement: Most metals 
are in an inaolubla aulfidc IZn, Hy. Ay, Cu, Cd, Pbl oroaida

TaWt I. Traca Metali in JWPCP Sowoga Outfall

Cenewtirsiiont. eitimste _ «• So. Csiit. 0i^r

JkVFCP* C*|if,A Mawster 
fSwae* wswam t,uo

T\.

JkWS/
totW
ratio

0^^ L'
Fl^a 1. Mels) spectsuon In sowago vt total MgtUe

" nSo” !S.S si;
Cr 860 0.2 4000 460 700 066

Pb 250 0,04 6000 140 550 0 25
Ni 240 6.0 40 130 400 0.33

130 2.0 70 70 350 0 20
Cd 30 0.1 300 16 65 0 25
A9 20 0 3 70 Ik 20 0.55

10 0.0 50 5 25 0.20
• 0.03 30 0.5 10 0 05

Tibia I). Equilibrium Mode's of JWPCP Sawagi

*-*-*-1 A
Inerfsnte

AddJlion ot 
Qffsntct.^ ^ X •urIeCT «•/».<■ %

Fe. 3.7 Fe,0,(t). 100 Fe.O.(s). 100 Fe,0,(i). 100
Cr,4.« Cr{OH),|s). 97 Cr(OHJ,D). 97 Cr(OH|.(s). 52 

Cr(OH),-. 3 C»(OH),',3 C-(OH).-. 3

Cu, 5.0 CuS(i). 100 CuS(*). iOO CuS(i). 100
^.6.5 CdS(i), 100 CdS(i). 100 CdS(j|. 100
Pb, 6.0 PbS(s). 100 PbS(s). 100 PbS($) 100
2n.4.5 2nSDM00 ZnS(j). 99 ZnS(^). 99

100 A,,S(l(. 100
^,8.3 HqSW, too HqSH). 100 100
Ni. 5.4 N,5(1), 42 N.S(r), 22 N,5(l), 14

N>‘\2 Ni“,2 Ni“,2
N,(CN).'-, 56 N,(CN).>-, 56 N,(CNJ,--, 56

GLV, 10 CLV, 10
GLU. 10 GLU. 10

Co, 6.8 CoS(M.97 CoS(v).95 Cn5('v(, 93
Co-,2 Co-,2 Co",2

GLU, 2 GLU. 2

Mn. 5.6 Mn-, 50 Mn-. 50 Mn", 45
MnHCO,‘.24 MnHCO,*.24 Mnl^lCO,* 21
MnSO.. 19 MnSO.. 19 MnSO,. I 7
MnCf.6 MnCl».6 MnCI'Ve
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February 15,1978

Mr. Bruce Brott
Minnesota Pollution Control Agency 
1935 W. County Road B2 
Roseville, MN 55113

I • i . ■

^GENcy

Subject: Metro WWTP Ash Disposal Project 

Dear Mr. Brott:
Enclosed is the operational report form for the month of January.
Lagoons No. 1 and 2 have been completely excavated and no more ash 
will be deposited on the landfill until our interim ash disposal 
report is submitted to the Agency.
If there are any questions, please contact us.
Very truly yours.

Bernard J. Harringt^ 
Director of Engineering
BJH:WGM:bdw
Enclosure
cc: Roger Acton, MWCC/attachment 

G. W. Lusher, MWCC/attachment 
W. K. Johnson, MWCC/attachment

1010068



TOT''[MINNESOTA POLLUTION CONTROL AGENCY 
Division of Solid Waste 
1935 West County Road B2 
Roseville, Mi; 55113

01451

Facility Name 

Permit Number

OPERATIONAL REPORT 

MONTH OF January . 19J8. 

Metropolitan Waste Control Comnission

SW-189 Operator: Name

Address
Phone

I. SOLID WASTE

1-----------------------------------SOLID WASTE DEPOSITED A’ehicles Cubic Yds. Type^

Commercial vehicles 
packers 10 cubic yds. 
and over
Vehicles under 10 
cubic yards
Private vehicles: 
auto, pick-up and 
trailers

14 79,532 0

1 TOTALS

Types: R-residential I-industrial C-commercial 
A-agricultural 0-other (explain, demolition debris,

tires, trees, etc.)
0 = Incinerated Sewage Sludge Ash

MPCA-589 1010067
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V. PROGRESS REPORT (status of construction and/or operation).
Excavation of ash ponds and disposal of material inn<x complete as of 

January 31 , 1978 ___ ________ _

VI. OPERATIONAL PROBLEMS AND REMARKS 

None

Signature

.vv rv;.r.,
ltPCA-589

^OlOCsG



r -II. TOXIC and hazardous pastes 01453

TYPE AMOUNT(jifyds. or gal.) Vehicles Origin^

TOTALS

^Origin: Place of generation, be specific

B. If Toxic and Hazardous Wastes are received and transported away 
from the site, give name of permitted facility at which they are 
deposited:__________________________________________________

I. RATE OF SITE UTILIZATION

A. 1. Area presently being filled (wixh respect to site plans) 
Central and Southern areas

2. Amount of land used: _________
3. Height of Lift: ^ 3

B. Cover Material
1. Amount used 20,000

23 acres acres of sq. yds,

feet

cubic yards

2. Source and Type Surplus excavated earth material from

construction sites at Metropolitan Wastewater Treatment Plant 

IV. ANALYSIS OF GROUNDWATER MONITORING (as identified in plan).

JIPCA-589 1010065
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DEC 1«1979 

WINN. POUUTION 
PQNIROL AGENCy

Metropolitan Waste Control Commission

Hydrogeologic Investigation of 

Ash Disposai Site on the 

St. Paui Landfiii

c CH2M
KHILL

A jaNT VENTURE
December 1979

1110202
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\

CH2M
A JOINT VENTURE

December 5, 1979 
L10772.K0

Reply to;

James E. Schwing, P.E. 
CH2M HILL
7851 Metro Parkway, #205 
Minneapolis, MN 55420

Mr. Richard J. Dougherty 
Chief Administrator
Metropolitan Waste Control Commission 
350 Metro Square Building 
7th and Robert Streets 
St. Paul, Minnesota 55101

Dear Mr. Dougherty;

Subject; Hydrogeologic investigation of St. Paul landfill

Attached is our report of the hydrogeologic investigation of 
the abandoned St. Paul landfill relative to use of this area 
for disposal of ash produced at the Metropolitan Wastewater 
Treatment Plant.

The study reported herein was Authorized by the Commission 
in their letter to CED/CH2M HILL dated 28 September 1979. 
This report discusses the effect on the ground water that 
the previous ash disposal project caused at the St. Paul 
landfill in light of other influences on the ground water at 
this site caused by previous landfilling practices and 
external influences on the landfill's ground water quality.

We appreciate the opportunity of providing this service to 
the Commission and we will be available for any subsequent 
questions you may have concerning this report,-

truly yours. J ; ■ ’ 'i

James E.^Schwing, 
Project Manager

• - ■ , r ; t-:

1110199

! CONSULTING ENGINEERS DIVERSIFIED, INC./CH2M HILL, INC. RO. Box J, Osseo, Minnesota 55369-(612)425-218.
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I hereby certify that this plan, specifica­
tion, or report was prepared by me or 
under my direct supervision and that I 
am a duly Registered Professional En­
gineer under the Laws of the State of

Date

1110198
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SUMMARY AND CONCLUSIONS
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This report presents results of a study to determine if 
there was an adverse impact on the ground water quality 
following the disposal of sludge incinerator ash by the 
Metropolitan Waste Control Commission on the abandoned St. 
Paul (Pigs Eye) Landfill.

The St. Paul Landfill was operated from about 1956 to 1971 
and contains residential, commercial, and industrial wastes 
and chemicals. In December 1977, through January 1978, the 
Metropolitan Waste Control Commission (MWCC) applied 136,000 
cubic yards of ash, two to four feet thick, over 31 acres of 
the abandoned landfill. Up to six inches of topsoil was 
then applied on top of the ash and seeded.

The landfill and ash disposal site is located on an alluvial 
bar, with the ground water levels directly influenced by the 
stage of the Mississippi River. Most of the ground water 
beneath the study area enters as surface water from either 
the Mississippi River or Battle Creek north of the ash 
disposal site and exits as surface water into Pigs Eye Lake 
and the Mississippi River to the south of the site. The 
ground water gradients and flow rates across the ash dis­
posal site are very low and not constant.

Six months prior to the ash disposal, the MWCC began sampling 
the ground water from a monitoring well network on the ash 
disposal site. The water levels in these wells were measured 
and ground water samples were taken and analyzed for various 
parameters, such as heavy metals, pH, and alkalinity. It 
was determined from ground water samples prior to the ash 
disposal, that the ground water did not meet drinking water 
standards.

The monitoring data indicates that some change did occur in 
ground water quality (Table 6), but these changes also 
occurred in water from a well that was up-gradient of the 
ash disposal site, and also in a down-gradient well not 
presently affected by leachate that has percolated through 
the ash. This suggests that the indicated changes in ground 
water quality are from a source other than the ash. A 
detailed evaluation of the other possible sources or the 
mechanisms was not made, but indications are that the 
changes were due to a decrease in pH. This decrease in pH 
could increase the solubility of certain metals already 
contained in the landfill.

iii

1110197
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The magnitude of the apparent change in ground water quality 
was small and is of reduced importance considering that the 
ground water quality did not meet drinking water standards 
prior to the ash disposal. Also, since the site is 200 feet 
below areas where shallow ground water is used, and the 
bedrock aquifer discharges into the Mississippi River flood- 
plain, the ground water beneath the site is no threat to any 
usable ground water supply in the Twin Cities area.

Results of this study indicate that ground water changes 
have not been due to the bverlayment of ash. Further over- 
layment of ash would not have a deleterious effect on ground 
water quality. For these reasons it is recommended that the 
Commission proceed with the proposed project to dispose of 
additional ash on the St. Paul Landfill.

1J10196
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PURPOSE AND SCOPE

The purpose of the study reported herein was to determine if 
there was an adverse impact on the ground water following 
the disposal of sludge incinerator ash by the Metropolitan 
Waste Control Commission (MWCC) on the abandoned Pigs Eye 
Landfill. The ash was generated at the MWCC's Metro Plant 
and disposed on this site during the winter of 1977-1978.
The MWCC proposes to dispose of additional ash from the 
Metro Plant at this site. From the results of a monitoring 
program of the past ash disposal project and available 
information on the hydrogeology of the site, the technical 
feasibility of the proposed project will be assessed.

The scope of this study was to determine if:

1. Leachate has migrated from the past disposed ash, 
through the refuse and soil, to the ground water, 
and was sampled by monitoring wells.

2. Ground water quality as it existed prior to depo­
sition of the ash was not adversely impacted by 
the ash disposal.

This report will discuss the history of the ash disposal 
site and a general overview of leachate production and 
attenuation. Then the physical setting of the site, in­
cluding subsurface geology will be presented. Results of 
the ground water monitoring program instituted by the MWCC 
at the landfill will be analyzed to determine ground water 
flow rates and if there are any apparent changes in ground 
water quality.

Because of time limitations on this project, only informa­
tion that was readily available was used. Information for 
this study was obtained from the MWCC, Minnesota Pollution 
Control Agency (MPCA), U. S. Geological Survey, and the 
Metropolitan Council.

HISTORY OF SITE
The ash disposal site is located on the abandoned St. Paul 
(Pigs Eye) Landfill north of Pigs Eye Lake and adjacent to 
the Metro Plant. This landfill was operated by the city of 
St. Paul from about 1956 to 1971. Residential, commercial, 
and industrial refuse was deposited in the landfill. Indus­
trial chemicals in liquid and containerized drums were also 
put into the landfill (Ref. 1). Up to two lifts of refuse, 
each being six feet deep, were deposited over an area of 
about 80 acres. An estimated 8.23 million cubic yards of 
refuse are contained in the landfill (Ref. 2).

II10191
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In November 1977, a permit was issued by the MPCA to the 
MWCC allowing 150,000 cubic yards of sludge incinerator ash 
to be spread over the abandoned landfill. A copy of this 
permit is contained in Appendix A of this report.

Starting in December 1977, and finishing in January 1978, 
sludge incinerator ash from two ash lagoons east of the 
Metro Plant was spread over about 31 acres of the landfill. 
The depth of the ash varies from two to four feet, with 
approximately 136,000 cubic yards of ash applied. Following 
the ash disposal, six inches of topsoil were applied on top 
of the ash and then seeded with grass.

GENERAL THEORY OF LEACHATE PRODUCTION AND ATTENUATION

The following is a general overview of leachate production 
and how its strength is attenuated as it passes through the 
soil and is mixed with the ground water.

Leachate is water that has come into contact with solid 
waste in a landfill and has been contaminated with elements 
or compounds extracted from materials in the landfill. The 
primary source of water for leachate production is rain that 
infiltrates into the soil. However, if the landfill is 
below the water table, ground water can also be a major 
contributor to leachate production.

The quantity of leachate generated by infiltration is 
dependent on the water balance for the site. This includes 
precipitation, surface runoff, evapotranspiration, and the 
field capacity of the landfill. The field capacity of a 
landfill is the moisture content at which gravity drainage 
of water will occur. The field capacity must be reached 
prior to the generation of leachate. The Pigs Eye Landfill, 
due to its age and because it is partly below ground water, 
probably attained field capacity many years ago. Water 
balance methods are described in a number of sources, but 
generally, 40 to 50 percent of the annual precipitation 
enters a sanitary landfill and results in leachate (Refs. 3 
and 4) .

Leachate quality is dependent on many interacting factors: 

Composition of the solid waste 

Age of the landfill 

Water content of the landfill 

Thickness and compaction of the solid waste 

Type of surface cover over the landfill

1110190



The type of waste in a landfill is generally the most 
important factor determining leachate quality. This is 
especially important when considering that the Pigs Eye 
Landfill contains industrial wastes and chemicals.
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The age of a landfill is also important, because the con­
centration of constituents in leachate generally decreases 
with time (Ref. 5). Attenuation, or the reduction of 
leachate strength, as it flows through the soil can be from 
physical/chemical changes resulting from contact with soil, 
biological changes from microorganisms, and dilution within 
the ground water. Physical/chemical changes include: 
chemical precipitation, ion exchange, adsorption, oxidation- 
reduction, and chelation.

Biological changes occur from soil microorganisms utilizing 
organic compounds in the leachate. This biological activity 
reduces the concentration of organic compounds, but can also 
increase the solubility of metals by creating a reducing 
environment (anaerobic) and producing organic acids or 
carbon dioxide resulting in lowering the pH. It is generally 
felt that the large amount of carbon dioxide that is generated 
in a landfill combines with leachate to form a weak acid.
This increases the leachate's ability to dissolve chemicals 
from the solid waste. The addition of lime on a landfill 
can be used to keep the pH high enough to minimize the 
mobility of metals. The ash that was deposited on the 
landfill contained a large percentage of lime, due to condi­
tioning of the sludge with lime prior to dewatering. There­
fore, it was felt that the addition of the ash could increase 
the pH of the leachate, thereby reducing the mobility of 
metals.

Upon entering the ground water, leachate strength is reduced 
by diffusion and dispersion. Diffusion is due to the 
concentration difference between leachate and ground water. 
Dispersion occurs as a result of physical mixing from flow 
around pores and fractures in the subsurface aquifer.

1110189
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PHYSICAL SETTING

The ash disposal site overlies a portion of the abandoned 
Pigs Eye Landfill. The site is located on an alluvial bar 
on the east side of the Mississippi River floodplain, 5 to 
15 feet above the river and about 200 feet below the general 
land surface outside the floodplain. Figure 1 shows the 
general study area location. Except for Pigs Eye Lake to 
the south, the area is surrounded by industrial facilities. 
These include a large railroad yard to the east and north, 
petroleum and industrial molasses storage and loading faci­
lities to the northwest and west, and the Metropolitan 
Wastewater Treatment Plant to the west.

It was noted during a site inspection on October 12, 1979, 
that the entire area is relatively flat, covered with vege­
tation, and harbors considerable wildlife. The old landfill 
is clearly evident where the previous ash disposal project 
did not cover the landfill.

GEOLOGY
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The alluvial bar that the landfill is on has been submerged 
several times in the past, being located in a floodplain. 
Test borings by the Soil Exploration Company (SEC) indicate 
that the area has alternated between alluvial bar and marsh 
at least four times (Ref. 6). The application of solid 
waste, and later ash, has elevated and stabilized the area 
somevdiat. In addition, the area has been flooded period­
ically during high runoff periods, and this will probably 
reoccur in the future; however, flood control dikes and the 
increased elevation should decrease the frequency.

Soil Exploration Company's test borings indicate that sub­
surface conditions vary greatly beneath the site. Lenses 
and layers of sand, silt, clay, muck, and peat interfinger 
to bedrock, which is limestone of the Prairie du Chien 
Group. Depth to bedrock ranges from about 20 to just over 
100 feet across the site. An old bedrock river channel runs 
from the north to the south through the area. Figures 2 and 
3 are east-west (A-A') and north-south (B-B') cross sections 
of the general site area shown in Figure 1.

The U.S. Geological Survey topographic map of the area shows 
that prior to 1967, Battle Creek flowed diagonally across 
the site from northwest to southeast (Figure 1). The creek 
was rerouted along the west side of the ash disposal site 
between 1967 and 1972, as shown in Figure 4. Figure 4 shows 
some physical features and test boring locations at the ash 
disposal site. A cross-section (C-C) from Figure 4 was 
prepared from the test borings by the SEC and is presented 
in Figure 5. This figure shows the variability of the 
substrata.
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MONITORING WELLS

Prior to the ash disposal, the SEC installed numerous 
monitoring wells in the southern half of the landfill site 
during investigations for a proposed coal handling facility. 
Some of these wells were used by the MWCC for their moni­
toring program. In 1977, the SEC installed three more 
piezometers in the northern half of the ash disposal site 
for the MWCC. Currently, the MWCC monitors ground water 
levels and quality from four wells in the ash disposal site. 
In addition, some historical ground water levels and quality 
data were available from four additional wells. The loca­
tions of these eight monitoring wells are shown in Figure 4, 
with Table B-1 in Appendix B presenting the known construc­
tion details for each well. Figure 6 shows a cross section 
of these monitoring wells.

Over the years, as new wells were added to the MWCC moni­
toring system, and others destroyed, the wells were renum­
bered several times, often with overlapping numbers. To end 
the duplication of numbers, the entire well network was 
renumbered. Table B-2 in Appendix B shows the new numbers 
as well as the previously used numbers for correlation. 
MPCA's six digit well number should be retained on ground 
water level and quality data reports submitted to that 
agency.
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GROUND WATER MOVEMENT AND QUALITY

PIEZOMETRIC SURFACE

[
[
[
[
[
c
I
I
I

The landfill area is completely surrounded by bodies of 
surface water. Ground water levels are directly influenced 
by changes in the stage of these adjacent bodies. The 
Mississippi River is the dominant factor controlling water 
levels of both the surface and ground water at the site.
Since the Mississippi River flows south, the overall move­
ment of ground water beneath the site is also to the south.
On a smaller scale, however, the orientation and permea­
bility of the underlying sediments causes considerable 
variance from this general southward flow.

Figures B-1 and B-2 in Appendix B are a series of contour 
maps of the ground water table beneath the site prepared 
from monthly ground water level data collected by the MWCC 
since March 1979. The October 1979 measurements were taken 
by CED/CH2M HILL during an inspection of the site. The 
ground water configuration most commonly found during the 
monitoring program is presented in Figure 7. These ground 
water contours are generally accurate to show the direction 
of ground water movement and the slope of the ground water 
table. The hydrogeologic regime is very complicated when 
the subsurface materials are laterally and vertically mixed. 
Several more wells, a few surface water staff gauges, more 
geologic data, and a longer period of water level records 
are needed for a more precise picture of the water table in 
this area. However, the present information is sufficient 
to generally predict the fate of the ground water in the 
landfill, considering its intended use and past landfilling 
practices.

Examination of Figures B-1, B-2, and 7 reveals several 
interesting phenomena. There is an apparent zone of higher 
permeability extending from the northwest (well 101) to the 
southeast (well 104). This orientation corresponds with the 
old channel of Battle Creek and is more than likely directly 
related to it. As the stage in Battle Creek rises, ground 
water levels in this more permeable zone respond faster than 
those outside the zone and a ground water divide develops.
The divide extending from well 101 to 104 splits the ash 
disposal area in two. Ground water to the south of the 
divide flows to the south and southwest while north of the 
divide it flows north and northeast. This ground water 
configuration was the most common found and is shown in 
Figure 7. On two occasions, the ground water flows uni­
formly south and southwest across the ash disposal area.
This probably corresponds to a period of continued high 
surface water stages when the ground water is at equilibrium 
with the regional flow pattern established by the Mississippi 
River.
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The October 12, 1979 water table contours in Figure B-2 show 
the effects of about a 2 foot rise in the stage of Battle 
Creek in the vicinity of wells 106 and 108. This was due to 
the effect of a beaver dam on the water level in Battle 
Creek.

GROUND WATER GRADIENTS AND FLOW RATES

[

[
[
i
I
I

Ground water gradients are generally very low across the 
entire ash disposal site. The dominant factor controlling 
gradients and flow directions appears to be the stage of 
Battle Creek as transmitted through the old Battle Creek 
stream channel. Ground water generally moves into the site 
near well 101 and disperses to the north-east, south-east, 
and south towards wells 102, 104, and 106, respectively. 
There are occasional variations to this pattern, but over 
the period of record, this is the predominant flow regime. 
Examination of Figures B-1, B-2, and 7 reveal the following 
general conclusions regarding flow directions:

■ Ground water gradients across the ash disposal 
site are very low and not constant.

■ Well 101 is usually up-gradient of the other wells 
and is outside of the ash disposal site.

■ Well 102 is outside the ash disposal site and is 
usually down-gradient from the north-west corner 
of the ash disposal site and well 101.

■ Well 104 is in the ash disposal site and is almost 
always down-gradient from the bulk of the ash site 
and well 101.

■ Well 106 is outside the ash disposal site and is 
consistently down-gradient of ash site and the 
other wells.

Flow rates and travel times between wells and from the ash 
disposal area to the wells can be calculated by using 
gradients firom Figures B-1, B-2, and 7, and estimated per­
meabilities, as presented in Table 1. An estimated per­
meability of 1000 gal/day/sq ft was used in preparing 
Table 1. This value was based on the permeability of clean 
sand and gravel (Ref. 14) that could exist in the old Battle 
Creek channel, and the estimated permeability of the refuse 
in the landfill.

The times shown in Table 1 reflect minimum travel times and 
do not take into account the observed changing of the 
gradients and flow directions over time. However, these 
factors would be very difficult to account for in deter­
mining travel times. The following general conclusions can 
be made from Table 1 regarding migration of leachate from 
the ash to the monitoring wells during the time period since 
the ash was deposited.
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Table 1
ESTIMATED GROUND WATER TRAVEL TIMES

date of
WATER LEVEL

SAMPLE FROM

[
[

E
C
[

I

3/79

4/79

5/79

7/79

8/79

9/79

101

101
EOA'^

104
EOA'^

104

101

101
EOA'"

EOA*^

eoa"

101

101
EOA'^

104
eoa"

101

101
EOA^

eoa"

102

104

102

106

106

106

102

104

102

106

106

102

104

102

106

106

102

104

102

106

GRADIENT**
(ft/ft)

0.0032

0.0011

0.0032

0.0059

0.0052

0.0022

0.0033

0.0011

0.0033

0.0021

0.0027

0.0044

0.0011

0.0046

0.0032

0.0032

0.0045

0.0016

0.0060

0.0022

DISTANCE TRAVEL TIME
velocity” between points between points”

(ft/day)

0.42 

0.15 

0.42 

0.79 

0.70 

0.29 

0.44 

0.15 

0.44 

0.28 

0.36 

0.59 

0.15 

0.62 

0.42 

0.42 

0.61 

0.21 

0.85 

0.29

(ft)

630

1660

220

740

480

740

630

1660

200

400

400

630

1660

200

740

500

630

1660

200

400

using water level contours (figs B-1, B-2, and 7) and distance between points, 
velocity = permeability x gradient; assumed permeability of 1000 gal/day/sq ft. 
travel time = distance between points -h velocity, 
edge of ash disposal area.

(days)

1500

11000

525

940

690

2600

1430

11000

455

1430

1100

1070

11000

324

1760

1190

1030

7900

236

1375
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■ Well 102 is probably close enough to the edge of 
the ash disposal site so that leachate that has 
percolated through the ash has been sampled.
However, only a small portion of the ash disposal 
site would impact leachate flowing to this well.

■ Well 104 is probably exposed to leachate from the 
ash, being located in the ash disposal site. The 
portion of the ash site that would contribute 
leachate flowing to this well extends approxi­
mately 100 feet to the northwest.

■ Well 106 is consistently down-gradient of the ash 
disposal site, but due to the low flow rates, the 
ground water that has been sampled from this well, 
has probably not been in contact with the ash.

It should also be noted that most of the ground water 
beneath the study area enters as surface water from either 
the Mississippi River or Battle Creek at the north and exits 
as surface water into Pigs Eye Lake and the Mississippi 
River to the south. Therefore, the ground water at the site 
is little more than very slow moving river water. This 
factor, combined with the possibility that the whole area is 
periodically inundated by flooding, suggests that most of 
the impact from the ash disposal and the old landfill will 
be on surface water quality in Pigs Eye Lake and the Mis­
sissippi River.

GROUND WATER QUALITY

This section will present and discuss the results from the 
ground water quality monitoring program conducted by the 
MWCC. In addition, the chemical and leaching character­
istics of the ash that were deposited on the landfill will 
be presented.

Sludge Incinerator Ash Characteristics

The sludge incinerator ash that was applied to the landfill 
came from two ash ponds located east of the Metropolitan 
Wastewater Treatment Plant. This ash originated from the 
incineration of dewatered municipal wastewater sludge. The 
ash was sluiced to the settling ponds, with the supernatant 
from the ponds returned to the treatment plant.

Chemical characteristics of the sludge incinerator ash that 
was deposited on the landfill site are shown in Table 2.
The ash has a high pH due to conditioning of the sludge with 
lime and ferric chloride prior to dewatering. This also 
increases the calcium and iron concentrations in the ash.

A leachate test was run by the MWCC on the ash in the ponds 
on June 8, 1977. The test was performed using a leachate 
test prescribed by the MPCA, but which has since been re- . 
placed by a new standard leachate test.
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Table 2
CHEMICAL CHARACTERISTICS OF METRO PLANT 

SLUDGE INCINERATOR ASH

Parameter Concentration
October 1977* November 1977

(mg/ kg) (mg/ kg)

[
[
[

L
[

I
I
I

Ag — 77

Al — 29,700

Ba — 166

Ca — 242,000

Cd 47 50

Co — 20

Total Cr 2,824 1,180

Cu 2,170 1,820

Fe — 15,100

Hg 0.11 Negligible

Mg — 12,600

Mn — 233

Ni 533 96

Pb 571 60

Zn 2,548 1,070

pH — 10.75

a Grab sample of ash collected and 
analyzed by the MWCC.

b Grab sample from ash lagoon 
collected and analyzed by CHzM HILL.
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The test consisted of filling two glass columns with 100 
grams of ash. Distilled water was passed through one column 
and a one percent nitric acid solution through the other 
column at rates of one milliliter (ml) per minute. A total 
of 800 ml was allowed to pass through the columns with the 
first and the last 200 ml collected and analyzed. Results 
of this test are presented in Table 3, along with the Minne­
sota Department of Health (MnDOH) drinking water standards.

Using nitric acid as an elutant gives the maximum metals 
concentration expected to leach from the ash due to the 
solubilization of metals at low pH. However, because the 
ash was to be placed on top of the old landfill and would 
not be exposed to leachate with a low pH, the MPCA used the 
distilled water results to analyze potential contamination 
by the ash.

Extrapolation of leachate test results to the expected 
leachate from a landfill is difficult. There are a multi­
plicity of factors affecting a waste's leaching character­
istics, both in the test and the landfill. The MPCA anal­
yzed the ash leachate test by comparing the distilled water 
elutant results to the MnDOH Class A drinking water stan­
dards. Since a standard leachate test does not account for 
changes in leachate quality from passage through the soil or 
dilution with ground water, the leachate results can be 
reduced by a factor of ten. This was the approach used by 
the MPCA in analyzing the results from the leachate test 
(Ref. 7).

Results from the ash leachate test were submitted to the 
MPCA for review. The MPCA stated that the test results 
indicated that metals in the ash were relatively insoluble 
and should not migrate from the deposited ash (Ref. 8). 
However, the MPCA did express concern over the concentration 
of chromium in the leachate test, because 80 to 90 percent 
was in the toxic hexavalent form. It was determined, 
although, that under the prevailing conditions at the ash 
disposal site, that hexavalent chromium would be reduced to 
the less toxic trivalent chromium (Ref. 9).

Another way to evaluate the potential leachate, from the ash 
is to examine the metal concentration in the ash pond super­
natant. Table 4 presents the average concentration of 
metals in the ash pond supernatant for 1976. Comparing this 
table with the drinking water standards in Table 3, it can 
be seen that allowing for attenuation and dilution in the 
soil, the ash should probably pose no serious threat to the 
ground water quality.

Ground Water Quality Results and Discussion

Ground water quality monitoring was initiated in June 1977, 
six months prior to the ash disposal. There was a total of 
eight wells that were sampled, as previously described and
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Table 3
ASH LEACHATE TEST RESULTS

01484

Parameter Water Elutant Acid Elutant MnDOH

r*

L

[
[
[
[

E

I

First 200 ml 
(mg/ 1)

Last 200 ml 
(mg/1)

First 200 ml 
(mg/ 1)

Last 200 ml 
(mg/ 1)

Drinking
Water

Standards^
(mg/I)

Cd 0.01 0.01 0.05 0.10 0.01

Total Cr 6.30 1.05 3.90 4.05 b

Cu 0.85 0.05 0.71 2.20 1

Hg 0.6*^ 0.2^

O
G

O
d O
CM

d

—
Ni 0.09 0.05 0.34 0.91 —
Pb 0.06 0.05 0.54 1.16 0.05

Zn 0.03 0.02 0.06 2.82 5

pH 9.45 10.85 _ _
6.5-8.5‘^

a Class A Standards, 
b Standard for Cr (VI) is 0.05 mg/I. 
c Concentration in ppb. 
d Standard for Surface Water Quality.

Source; MWCC; average of results from 
tests on 6/3, 6/16, and 6/29/77.
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Table 4
CHEMICAL CHARACTERISTICS OF ASH POND SUPERNATANT

L

Parameter Value 
(mg/1)

Cd <0.02

CN 0.056

Total Cr 0.57

Cu 0.11

Hg <0.001

Pb <0.10

Zn 0.11

. pH 9.3

Source; MWCC; average of monthly samples for 1976.

[

[

I
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shown in Figure 4. Ground water monitoring results for 
these eight wells are contained in Tables B-4 through B-8 in 
Appendix B. The ground water analyses were performed in the 
MWCC Central Laboratory using the U.S. EPA Manual of Methods 
for Chemical Analysis of Water and Wastes (Ref. 12).

Data on the average ground water quality under the abandoned 
landfill prior to the ash disposal is presented in Table 5. 
Comparison of this quality with the MnDOH and U.S. EPA 
drinking water standards, also contained in Table 5, shows 
that the ground water will probably not meet drinking water 
standards without prior treatment.

The ground water quality is very close to the limitations 
for most of the metals, such as cadmium, chromium, and lead. 
Values for iron and ammonia exceed the standards or recom­
mendations. In addition, the ground water contains a high 
concentration of organic compounds, as evidenced by the 
large chemical oxygen demand (COD). There are no set 
standards for COD or BOD; but the ground water could contain 
certain organic chemicals, such as chlorinated hydrocarbons, 
v^ich do have standards under the National Interim Primary 
Drinking Water Regulations (Ref. 10).

Results of the ground water monitoring program to date, for 
wells 101, 102, 104, and 106 are presented in Figures 8 
through 23. A summary of apparent changes in ground water 
quality that were indicated in the monitoring program are 
given in Table 6. As previously discussed in the section on 
ground water movement, well 101 is usually located up- 
gradient of the ash disposal site and is outside of the ash 
disposal area. Therefore, the ash deposition should not 
have an impact on the ground water in the region of this 
well.

Well 102 was found to be located down-gradient for most of 
the sampling, but is also located outside of the ash dis­
posal site. However, given the ground water flow rate, this 
monitoring well is probably sampling leachate that has been 
in contact with the ash.

Well 104 is situated below the ash disposal site with ground 
water samples taken near the top of the water table. As 
previously mentioned, this well is probably sampling leachate 
that has percolated through the ash up to 100 feet up- 
gradient of the well.

Well 106 was found to be consistently down-gradient of the 
ash disposal site but due to the low ground water flow 
rates, it is unlikely that leachate collected from this well 
has been in contact with the ash.

y
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Table 5
AVERAGE GROUNDWATER CHARACTERISTICS PRIOR TO ASH DISPOSAL

[

[
[
[
[

E
E

Parameter Value 
(mg/ 1)

MnDOH 
Drinking Water 

Standards*’ 
(mg/1)

Cd 0.02 0.01

Cn 0.009 0.01

Cr 0.05 —
Cu .0.02 1.0

Fe 0.33 0.3

Hg^ 0.5 —
Mn 0.67 0.05

Ni 0.07 —
Pb 0.05 0.05

2n 0.13 5

pH 7,7 6.5-8.5

COD 267 —
BOD 16 —

ALKALINITY 1338 —
TKN 135 —

NHa-N 132 —
NOa-N 0.75 10

a Concentration in ppb. 
b Class A Standards.
Source: MWCC; average results from sampling

on 6/16/77 and 6/28/77 at wells 104 through 108.
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TABLE 6
APPARENT GROUND WATER QUALITY CHANGES FOLLOWING ASH DISPOSAL

[

L
[
[

E
C
I
I

PARAMETER WELL 101 WELL 102 WELL 104 WELL 106

Cd NO APPARENT NO APPARENT NO APPARENT NO APPARENT
CHANGE CHANGE CHANGE CHANGE

TOTAL Cr NO APPARENT NO APPARENT NO APPARENT NO APPARENT
CHANGE CHANGE CHANGE CHANGE

Cr (VI) NO APPARENT NO APPARENT NO APPARENT NO APPARENT
CHANGE CHANGE CHANGE CHANGE

Cu VARIES SLIGHTLY, NO APPARENT NO APPARENT NO APPARENT
BUT BELOW
DRINKING WATER 
STANDARD (1.0 mg/I)®

CHANGE CHANGE CHANGE

Hg VARIABLE INCREASE INCREASES FOR VARIABLE, BUT VARIABLE. BUT
AND DECREASE, TWO SAMPLES, GENERALLY BELOW BELOW RECOMMENDED
BUT BELOW BLIT THEN DECREASES RECOMMENDED DRINKING WATER „
RECOMMENDED
DRINKING WATER 
STANDARD (2.0 mg/l)^

BELOW RECOMMENDED 
DRINKING WATER ^ 
STANDARD (2.0 mg/I)'’

DRINKING WATER 
STANDARD (2.0 mg/I)'’

STANDARD (2.0 mg/I)'’

Ni SLIGHT INCREASE NO APPARENT NO APPARENT NO APPARENT
AND THEN DECREASES;
NO DRINKING
WATER STANDARD

CHANGE CHANGE CHANGE

Pb AT DRINKING SLIGHT AT DRINKING AT DRINKING WATER
WATER STANDARD 
INITIALLY (0.05 mg/I);® 
INCREASES, BUT
THEN DECREASES

VARIABILITY WATER STANDARD 
INITIALLY (0.05 mg/I)®
AND VARIES 
PERIODICALLY
ABOVE THIS
LEVEL

STANDARD INITIALLY 
(0.05 mg/D® AND
VARIES PERIODICALLY 
ABOVE THIS
LEVEL

Zn INCREASES. BUT VARIABLE, INCREASES TO INCREASES TO
LEVELS OFF BUT INCREASES A LEVEL OF A LEVEL OF
BELOW DRINKING
WATER STANDARD 
■ 5 mg/D®

SLIGHTLY TO
A LEVEL
BELOW 0.2 mg/I

ABOUT 0.5 mg/I,
WHICH IS
BELOW DRINKING
WATER STANDARD 
(5 mg/I)®

ABOUT 7 mg/I

ALKALINITY INCREASES, BUT INCREASES. BUT INCREASES, BUT INCREASES
THEN STARTS TO THEN STARTS THEN STARTS TO A CONSTANT
DECREASE TO DECREASE TO DECREASE LEVEL

pH VARIABLE, BUT DECREASE FROM DECREASE DECREASE FROM
DECREASES FROM ABOUT 8.0 TO FROM ABOUT • ABOUT 7.7
ABOUT 8.0 TO
6 5

6.9 7.7 TO 6.7 TO 6.7

MnDOH Class A Drinking Water Standards.
Water Qualit> Standards for Drinking Water (Ref. 13).
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The movement of any possible contaminants in the leachate is 
dependent on the rate of ground water movement and also on 
the interaction of contaminants with material the ground 
water moves through, such as soil and refuse. Therefore, 
the fastest rate contaminants can move is the rate of ground 
water movement, but due to physical/chemical or oxidation- 
reduction reactions, the rate is normally less than the rate 
of ground water movement.

As shown in Figures 8 through 23 and stated in Table 6, 
there is no apparent change in the concentrations of cadmium, 
total chromium, and chromium (VI) in the water from wells 
101, 102, 104, and 106. The concentration of copper in the 
water from these wells does not appear to change, except in 
well 101. The copper concentration rises slightly, but is 
still below the drinking water standard of 1.0 mg/1.

The mercury concentration varies in the water from the four 
wells, but is generally below the recommended drinking water 
standard of 2.0 parts per billion. Water from well 101, 
which is up-gradient of the ash disposal site, shows the 
only apparent change in nickel concentration. However, 
there is no drinking water standard for nickel.
The lead concentration in the ground water is at the drinking^ 
water standard prior to ash disposal and varies above this 
level after the ash disposal in all four wells. It must be 
noted that this increase in lead concentration occurs in 
well 101, which is up-gradient of the ash disposal site and 
well 106, where leachate from the ash should not have 
migrated to this well within the time period since the ash 
disposal. This apparent change in the water quality from 
the four wells also occurs with the zinc concentration.
Water from wells 101 and 106, neither of which should be 
affected by the ash, show greater increases in zinc concen­
trations than does water from wells 102 and 104. ^

Assuming that the monitoring well's samples were represen­
tative of the ground water and the wells were properly 
placed in the leachate plume from the ash, the increase in 
the concentrations of metals in wells 101 and,106 suggests 
that the apparent ground water quality changes could be from 
a different source than the ash. Given the complex nature 
of the soil and landfill system and the interacting factors, 
it would be difficult to determine what is the exact mechanism 
and cause of the indicated ground water quality changes, but 
a few possibilities will be briefly discussed.

Increased solubility of metals could be the result of lowering 
the pH, reducing conditions, or increasing the concentration 
of the other competing metals. Soil generally reduces the 
solubility of most metals by reaction with solid soil surfaces, 
such as clays, sesquioxides (Fe and Al hydroxides), carbonates, 
sulfates, and organic matter. Other mechanisms include 
cation exchange, precipitation, and chelation.

lllOlf
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The ground water monitoring data shows that the pH of the 
ground water is gradually decreasing. The lowering of pH 
could result in the increase in the solubility of certain 
metal species that were already contained in the landfill. 
Taking into account only the effect of the hydroxide species 
on the solubility of certain divalent metals, lowering the 
pH by one unit could increase the solubility of metals, such 
as zinc, by a factor of 100. However, the actual change in 
solubility would be different due to complex ion formation, 
competing reactions, adsorption, etc., and would be dif­
ficult to predict, given the complex nature of the landfill 
system.
The decrease in pH appears to occur in well 101 before the 
other wells. Since well 101 is up-gradient of the ash 
disposal site and is highly influenced by water in Battle 
Creek, suggests that acidity could be flowing into the ash 
area and due to another source than the ash. Surface water 
from Battle Creek generally moves into the ground water 
along the old stream bed channel near well 101 and disperses 
to the north-east, south-east, and south towards wells 102, 
104, and 106. This water would be from surface runoff from 
areas north of the landfill, such as the railroad yard.
This surface runoff could contain acidic materials or various 
metals that were measured in the ground water.

The decrease in pH could also be the result of increased 
biological activity in the landfill due to fluctuating 
ground water levels. It should be noted that the ash has a 
high lime content, which would increase the pH of leachate 
percolating through the ash.

The pH of the distilled water that was passed through the 
ash in the leachate test described earlier, was raised to 
10.85 (Table 3). The addition of the ash to the top of the 
landfill should, therefore, have reduced the mobility of 
metals originating from the landfill. This could be a 
possible explanation for the lower apparent changes in zinc 
concentrations in water from wells 102 and 104, compared to 
wells 101 or 106. However, the pH in all four wells appears 
to decrease about the same extent.

Another possible source of the indicated ground water quality 
change is fluctuating ground water levels resulting in 
oxidation-reduction reactions that could increase the mobility 
of various metals. Also, since the abandoned landfill 
contains industrial wastes, chemicals could be originating 
from this source.

In summary, the increase in certain metals concentrations in 
wells that should not have been impacted by the ash (wells 
101 and 106), suggests that the indicated water quality 
changes could be due to a source other than the ash. In 
addition, the magnitude of the apparent change in ground 
water quality is probably of reduced importance considering

I
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that the ground water quality did not meet drinking water 
standards prior to ash disposal. The mercury and zinc 
concentrations in water from the wells appear to increase, 
but generally stay below even the recommended drinking water 
standards. Given that mercury is measured in the part per 
billion range, it is also possible that the variation in 
mercury concentration is due to analytical variations.

r
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Minnesota Pollution Control Agency

PERMIT FOR METROPOLITAN WASTE CONTROL 
COMMISSION ASH DISPOSAL SITE

rL
rL

[

[
[
[
[
I

Pursuant to authorization by the Minnesota Pollution Control 
Agency, and, as applicable, in accordance with the provisions 
of Minnesota Statutes, including Chapters 115 and 116 and 473, 
Agency Regulations SW 1-12 and Agency Rules MPCA 1-13, plans 
are approved and a permit is hereby granted to the Metropolitan 
Waste Control Corunission for disposal of 150,000 yds^ of ash 
from MWCC Metro Wastewater Treatment Plant ash lagoons. The 
disposal site is located on 39 acres of the N?5 of Section 10, 
T28N, R22W, Ramsey County, City of St. Paul.

The disposal site is described in an application dated 
September 26, 1977, with plans, specifications, and additional 
materials received through November 21, 1977, all prepared 
under the direction of C.R. Payne, P.E., St. Paul, Minnesota.
This permit also provides for a monitoring system consisting 
of five wells located upstream, downstream, and within the 
disposal site.

SPECIAL CONDITIONS
1. This permit authorizes the disposal of 150,000 yds^ of 

incinerated sewage sludge ash only. No other material(s) 
may be disposed at the site.

2. All possible control measures must be implemented to prevent 
erosion of ash and soil from the site during and after 
filling.

3. Prior to disposal of ash, all proposed groundwater monitoring
wells must be qamplp^d. All wells
shall be sampled once per month for twn months fnr background 
data. Wells must then be monitored on a quarterly basis.
In addition to measurement of static water levels, samples 
shall be collected from all monitoring wells and analyzed 
for ^H, alkalinity, mercury, lead, copper, zinc, nickel, 
cadmium, ammonia, total chromium, and hexavalent chromium.

I
1935 West County Rood B2. Roseville, Minnesota 55113 

Regional Offices • Duluth / Brainerd / Fergus Falls/Marshall/Rochester/Roseville
Equal Opponunity Employer 1110156
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4. The Metropolitan Waste Control Commission must submit a report» 
on or before September 1, 1978, analyzing alternative uses and 
Interim methods for disposal of asTTlnaterials for the period to 
December 31, 1981. The environmental impacts of any alternative 
uses and disposal methods mu^ be adequately addressed in the 
report.
---------- GENERAL CONDITIONS

[
[
I
I
i
I
I

1. This permit shall not release the permittee from any liability 
or obligation imposed by Minnesota Statutes or local ordinances and 
shall remain in force subject to all conditions and limitations now 
or hereafter imposed by law. This permit shall be permissive only 
and shall not be construed as estopping or limiting any claims 
against the permittee, its agents, contractors or assigns, nor as 
estopping or limiting any legal claims of the State against the 
permittee, its agents, contractors or assigns for damage to State 
property, or for any violation of the terms of this permit.

2. The use of the disposal site shall be in accord with and limited 
to the disposal of ash material described in the plans and permit 
application and associated material on file with the Agency.

3. The disposal site shall be operated at all times in accordance 
with the provisions of this permit and any applicable statute, rule, 
regulation, standard, or order.

4. No major alteration or addition to the disposal site that would 
materially alter the method or effect of disposal shall be made 
without the written consent of the Agency.

5. This permit may not be assigned or transferred by the holder with­
out the approval of the Agency. The Agency may, in its discretion, 
hold a hearing on any request to assign or transfer the permit.

6. The permit holder shall allow the Agency or any authorized employee 
or agent of the Agency to enter upon any property, public or private 
for the purposes of examining and copying records, conducting inspec­
tions, surveys, investigations, monitoring, sampling and otherwise 
obtaining necessary information pertaining to the construction, 
operation and environmental effect of the disposal facility, control 
equipment and control materials.

7. This permit shall not prevent the future adoption by the Agency of 
any rule, regulation, standard or order more stringent than, those now 
in existence or prevent the enforcement of such rule, regulation, 
standard or order against the permit holder.

"7 .,4 /O
Brube'^w .^^rott^Acting Chief 

Permits Section
Division of Solid Waste Division

Permit No. SW-189 
Dated: November 22, 1977

Robert A. Silvagni 
Director
Division of Solid Waste

1110155



DIVISION OF SOLID WASTE
01S0C3

MINNESOTA POLLUTION CONTROL AGENCY

/w-i

STATE OF MINNESOTA

PERMIT FOR CONSTRUCTION AND OPERATION
OF A

SOLID WASTE DISPOSAL SYSTEM HAS BEEN ISSUED

ISSUED TO
METROPOLITAN WASTE CONTROL COMMISSION

Name of Municipality, Corporation, Company, Person or Institution

Permit No. sw-i89

I

SUBJECT TO CONTINUED
CONFORMANCE WITH THE MINNESOTA POLLUTION 

CONTROL AGENCY'S SOLID WASTE DISPOSAL REGULATIONS

mm
Dir«c1or/Division o+^St)lititWos

Chief, Section of Stondords, Surveys ond Plon Review 

Qg^0_____November 22, 19 77__________________
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APPENDIX B
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GROUND WATER MONITOR[NG WELL CONSTRUCT[ON 

AND RESULTS
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TABLE B-1
MONITORING WELL CONSTRUCTION DETAILS

WELL
NO.

DATE
INSTALLED

TOTAL
(FT)

REPORTED DEPTH BELOW
LAND SURFACE

CASING FINISH
(FT) (FT)

MEASURED
TOTAL
DEPTH

10/12/79
(FT)

TOP OF 
CASING 
(M.S.L.)

GRADE
ELEVATION

(M.S.L.)

REMARKS

101 11/30/77 24.0 21'-2'' PVC 3' PVC SCREEN 23.1 705.80 702.8 PACKED WITH SAND TO 5 FT
BELOW GRADE; UPPER 5 FT
GROUTED

102 11/30/77 20.0 17'-2" PVC 3' PVC SCREEN 19.1 706.76 703.2 SAME CONSTRUCTION AS WELL 101

104 10/25/73 44 15'-2" PVC OPEN HOLE 13.7 703.36 700.2 DRILLED TO 44 FT ON 9/3/73
CASED ON 10/25/73 BY SOIL 
EXPLORATION CO.

106 10/73 — — — 19.0 702.52 699.7 INSTALLED BY SOIL EXPLORATION CO

107 10/73 — — — 19.2 701.52 698.9 INSTALLED BY SOIL EXPLORATION CO

108 10/25/73 59.7 21'-2" PVC OPEN HOLE 19.0 704.21 701.7 DRILLED TO 59.7 FT ON 9/14/73
CASED ON 10/25/73 BY SOIL 
EXPLORATION CO.

cn
CJ5
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CH2M-HILL
10/79

101

102

103

104

105

106

107

108

TABLE B-2
WELL NUMBERING SYSTEMS AT PIGS EYE LANDFILL

MPCA
6/79-

60124

60220

60324

60418

60524

MWCC
3/78-6/79

1

2

3

4

MWCC
12/77-3/78

1

2

3

4

5

MWCC
6/77-12/77

1

2

4 

3

5

SOIL EX. CO. 
10/73

P-110D

P-110E

P-120

P-121

P-109

Ul
O
STS



TABLE B-3
MONITORING WELL WATER LEVEL DATA

TOP ELEVATION DEPTH TO WATER LEVEL LAND SURFACE
OF CASING WATER TABLE ELEVATION ELEVATION

(M.S.L.)* FROM TOP
OF CASING (FT) (M.S.L.)*

WELL NO. 
(CH2M-HILL)

DATE (FT)

101 10/12/79^ 705.80 15.38 690.42 702.8
9/79 C 11.5 694.3 C
8/79 0 11.5 694,3 0
7/79 N 14.0 691.8 N
6/79 S 11.5 694.3 S
5/79 T 12,0 693.8 T
4/79 A 12.0 693.8 A
3/79 , N 12.0 693,8 N

11/30/77 T — 690.1 T

102 10/12/79*’ 706.76 14.67 692.09 703.2
9/79 C 15.2 691.6 C
8/79 0 15.0 691.8 0
7/79 N 11.0 695.8 N
6/79 S 14,5 692.3 S
5/79 T 13.0 693.8 T
4/79 A 13.0 693.8 A
3/79 . N 15.0 691.8 N

11/30/77 T — 691.1 T

104 10/12/79“’
^ 703.36 13,44 689.92 700.2

9/79 C 11.7 691.7 c8/79 0 11.0 692.4 0
7/79 N 11.0 692.4 N
6/79 S 11,0 692.4 S
5/79 T 11,0 692.4 T
4/79 A 8.8 694.6 A
3/79 N 11.5 691.9 N i
12/77 T

— 683.0 T

106 10/12/79“’ C 702.52 11.52 691.00 C 699.7
9/79 0 12.0 690.5 0
8/79 N 12.5 690.0 N
7/79 S 11.7 690.8 S
6/79 T 11.5 691.0 T
5/79 A 10.0 692,5 A
4/79 N 9.5 693.0 N
3/79 T 15.0 687.5 T

108 10/12/79“’ 704.21 13.05 691.16 701.7

107 10/12/79“’ 701.52 11.93 ■ 689.59 698,9

rf
k.

i
i
I
I
I
I
I
I
I
I
I
I

mean sea level datum, 
measured by CH2M HILL, 
measured by Soil Exploration Co. 

Source: MWCC, unless otherwise noted.
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TABLE B-4
GROUND WATER QUALITY DATA FROM WELL 101

DATE

-m

1.3
Cu
(mg/I)

Q4 15"

o,oz

'i.o

' Pb 
(^/l>

Zn
(mg/I)

, (50 5" ( ^g/l) ,)
Cr (Total) 
(mg/I)

Cr (VI) 
(mg/I)

Nf^-N
(mg/I)

TKN
(mg/I)

ALK

Total P 
(mg/I)

12/77 1/78 3/78 9/78 12/78 1/31/79’ 2/28/79 3/26/79 4/26/79 5/17/79 6/79 7/79 8/79 0/70

<0.02 <0.02 0.02 0.02 0.02 0.20 0.03 0.05 0.07 0.04 0.05 0.03 0.03 0.02

<0.05 <0.05 0.09 (6^5 ' 0.08 0.52 ! 0.14 6.22 0.22 > 0.20 0.15

<0.05 '>ao5' Ojll^/ 0.15 (^) 0.14^' /a22 ^ 0.46. 0.25 0.20 ' "a25 , (^15 )

0.03 <0.05 0.10 0.30 0.07 9.60 1.27 2.00 3.10 4.20 4.70 2.50 5.60 2.3

<0.01 <0.01 <0.01 0.02 ; <0.01 0.02 0.01 0.02 ' 0.03 (6.02 0.02 0.015

<0.05 <0.05 2.60 <0.05 <0.05 0.37 0.05 0.08 0.12 0.06 0.05 <0.05 0.06 0.09

<0.02 <0.02 <0.01 <0.02 0.04 <0.01 0.014 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01

<0.2 <0.2 1.0 0.8 1.9 0.8 1.7 0.2 1.2 0.7 A?' 2.7 1.8 0.5

15 40 41 200 180 200 180 175 175 135 165 155 160

44 200

1 340 1096 1031 1697 1532 1667 1198 1743 2028 1750 2060 2073 1658 1733

<0.2 <0.2

7.6 7.5 5.6 7.9 6.8 8.0 6.3 7.0

1 Samples collected were rusty brown in color probably due to sample contamination

cnO
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TABLE B-5
GROUND WATER QUALITY DATA FROM WELL 102

DATE

__
12/77 1/78 3/78 9/78 12/78 1/31/79’ 2/28/79 3/28/79 4/26/79 5/17/79 6/79 7/79 8/79 9/79

r Cu )

------X
<0.02 <0.02 0.01 <0.01 <0.02 0.02 0.02 0.02 0.02 <0.01 0.01 <0.01 0.02

/Mi )
jmg/ljy <0.05 <0.05 0.05 0.03 0.08 ;o.66.^ 0.04 0.06 0.05 0.04 0.04 0.04 0.04

<0.05 <0.05 <0.05
,

'5.5^ (f^ 0.^ 0.093) (@) .r’—
().05..' 0.^

Zn
(mg/I) <0.02 <0.05 0.02 <0.05 0.25 9.30 0.12 0.11 0.08 0.14 0.21 0.16 0.11 0.25

ftd ^
\ <0.01 <0.01 <0.01 ^^0.02 ' <0.01 6^ <0.01 c^ffpT’ ^iO.Ot <0.01 <0.01 (trsTs:)

Cr (Total) 
(mg/I) <0.05 <0.05 0.55 <0.05 0.10 0.60 <0.05 <0.05 <0.05 0.05 <0.05 <0.05 <0.04 <0.05

Cr (VI)
(mg/1) <0.02 <0.02 <0.01 <0.02 0.02 <0.01 0.014 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01

0.5 0.4 0.2 0.2 0.8 © 0.2 <0.1 0.4 0.9 (3) (3' 1.5 0.3

(mg/1) 205 220 170 250 220 250 235 230 250 205 240 270 250

TKN
(mg/I) 175 260

ALK
(mg/ICaC03) 1544 1711 1607 1785 3275 2198 2128 2057 2056 2105 2103 2020 1956 1868

Total P 
(mg/I) <0.2 <0.2

pH 8.0 8.2 7.8 7.9 7.6 7.5 7.8 6.7 7.0 6.9 6.9 6.8

1 Samples collected were rusty brown in color probably due to sample contamination
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TABLE B-6
GROUND WATER QUALITY DATA FROM WELL 104

DATE

3 (mg/l)

0.l5'

.OL

Ni
(mg/I)

Zn
(mg/l)

Cd
(mg/l).

Cr (Total) 
(mg/l)

,IZ0

C?

Cr (VI) 
(mg/l)

Hg
(ppt>)

B/1B/T7 B/28/T7 3/78 9/78 12/78 1/31/79 2/28/79 3/26/79 4/26/79 s/17/79 6/79 7/79 8/79 9/79

0.02 0.02 0.01 0.01 <0.02 0.02 0.02 0.02 0.07 0.03 0.01 0.04 0.02 0.01

0.08 0.06 0.05 0.08 0.05 0.10 <0.04 0.06 0.05 0.06 0.05 <0.04 0.04 0.06

0.09 0.05 0.08 0.10 0.10 0.21 0.12 0.10 0.08 0.18 0.08 0.22 0.12 0.15

0.05 0.03 0.02 <0.05 0.45 0.71 0.64 0.80 0.38 1.33 0.39 0.76 0.55 0.48

0.01 0.01 <0.01 0.02 <0.01 0.01 <0.01 0.01 0.01 0.02 0.01 0.01 <0.01 0.01

0.05 0.05 <0.05 <0.05 0.08 0.10 <0.05 0.07 0.05 <0.05 <0.05 <0.05 <0.05 <0.05

<0.01 <0.02 <0.02 <0.01 0.014 <0.010 <0.010 <0.010 <0.01 <0.01 <0.01 <0.01

0.2 0.4 <0.2 0.3 0.3 <3-' <0.1 0.7 (3p 1.8 1.7 0.3

NH,-N
(mg/l) 160.0 150 205 160 175 180 155 165 150 195 225 180

TKN
(mg/l) 165.0 165 210

ALK
(mg/l CaCOa) 1470 1896 1578 951 2177 2165 2185 2061 2041 1968 1807 1802

NOi-N
(mg/l) 0.74

no.-n(mg/l) 0.01

PO4-P
(mg/l) 0.08 <0.2 <0.2

pH 7.6 7.8 7.7 7.2 7.4 8.2 7.4 7.0 6.9 6.7

COD
(mg/l) 312

BOO
(mg/l) 8.0

Fe
(mg/l) 0.12

Mn
(mg/l) 0.39

O

o



ary

I, J Cu
(mg/l)

n I (mg/l)

0.02

0.05

^ ( Pt> «v. OZ v,(mg/l) ^ 0.05

.(?05

Zn
(mg/l)

. Z hd ')
(mg/l/

0.23

0.01

,/Zip

3.0

Cr (Total)
(mg/l) 0.05

Cr (VI)
(mg/l)

Hg i 
(PPb)^'

NHi-N
(mg/l)

TKN
(mg/l)

ALK
(mg/l CaCOs)

NOs-N
(mg/l)

NO.-N
(mg/l)

PO.-P
(mg/l)

COD
(mg/l)

BOD
(mg/l)

Fe
(mg/l)

Mn
(mq/l)

TABLE B-7
GROUND WATER QUALITY DATA FROM WELL 106

DATE
a/28/77 1/78 3/78 9/78 12/78 1/31/79 2/28/79 3/28/79 4/26/79 5/17/79 8/79 7/79 8/79 9/79

0.02 <0.02 0.01 0.01 <0.02 <0.02 0.02 0.05 0.02 0.02 0.02 0.01 0.01 0.01

0.05 <0.05 0.05 0.07 0.05 0.05 <0.04 0.06 0.05 0.09 0.04 0.05 0.05 0.05

0.05 0.08 0.07 (^0.08^ 0.10 0.08 0.10 0.11 <0.05 0.08 0.10 0.12

0.63 1.40 1.75 3.20 6.50 8.50 7.90 6.40 5.60 7.20 7.00 6.70 7.7 7.8

0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 0.02 0.01 0.01 <0.01 <0.01 0.01

0.05 <0.05 0.52 <0.05 <0.05 <0.05 <0.05 0.06 <0.05 <0.05 <0.05 <0.05 <0.04 <0.05

<0.02 <0.01 <0.02 <0.02 <0.01 <0.014 0.010 <0.010 <0.010 <0.01 <0.01 <0.01

0.7 <0.2 0.3 <0.2 2.0 <0.2 <0.2 0.1 0.3 (g) 1.8

7.0 10 5.0 2.0 50.0 15 14.0 10.0 9.5 6.0 11.0 10.0 8.0

8.0 9.5 10.0

565 1118 1315 1318 1625 1504 1511 1495 1551 1553 1495 1414 1512

0.24

0.01

0.26

7.7

43

10

0.62

1.12

<0.2 <0.2

7.7 8.0

O
i-i

CJ!



TABLE B-8
GROUND WATER QUALITY DATA FROM WELLS 103, 105, 107, and 108

Well 103 Well 105 Well 107 Well 108

12/77 1/78 6/18/77 6/28/77 12/77 «/18/77 6/2B/77 8/18/77 8/28/77

h> Cu
(mg/I) <0.02 <0.02 0.02 0.02 <0.02 0.03 0.05 0.02 0.02

O.IS" Ni
(mg/I) <0.05 <0.05 0.05 0.05 <0.05 0.09 0.06 0.08 0.11

O'OZ. Pb
(mg/I) <0.05 <0.05 0.05 0.05 <0.05 (3'
Zn
(mg/I) 0.08 <0.05 0.05 0.03 <0.02 0.05 0.04 0.04 0.16

.005" Cd ,
(mg/I) <0.01 <0.01 (0.01 <0.01 —

: 0.01^ 3- Co,01 Qm)
Cr (Total)
(mg/I) <0.05 <0.05 0.05 0.05 <0.05 0.05 0.05 0.05 0.05

.12-0 Cr (VI)
(mg/I) <0.02 <0.02 <0.02

3.0 Hg
(ppb) 0.4 0.5 0.3 <0.2 0.3 0.8

NHj-N
(mg/I) 120 165 210.0 135 280.0 5.0

TKN
(mg/I) 210.0 280.0 9.0

ALK
(mg/I CaCOs) 1090 1464 1710 1043 1745 1200

NOj-N
(mg/I) 1.51 0.78 0.47

N0.-N
(mg/I) 0.04 0.02 0.03

PO.-P
\mg/l) 0.09 0.10 0.14

pH 7.7 8.1 7.8 7.6 7.9 7.6

1—* .

COD
(mg/I) 280 465 235

O
BOD
(mg/I) 7.0 47 7.8 ‘

Fe
(mg/1) 0.40 0.30 0.23

Mn
(mq/l) 0.38 0.14 1.42

oI-*
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Complaint and Investigation Sheet
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SKETCH 1.

Action Taken:

MPCA 568
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01519

September 1, 1978

Bernard J. Harrington
Director of Engineering
Metropolitan Waste Control Commission
350 Metro Square Building
Seventn and Robert Streets
St. Paul, MH 55101

CTRTIFIED MAIL 
(Return Receipt Requested) 

(Ho. 290627)

BE: Disposal of Grit, Screenings, and other Wastes
Metropolitan Treatment Plant, Ramsey County, MN

Dear Mr. Harrington:

During a ceaent fieia investigation, several problems were 
noted in the area immediately west of the ash ponds in 
the SWi of Section 10, T.28N., H.22W.

As you may be aware, grit and screenings from the Metropolitan 
Plant are being transported and dumped at the above location and 
it appears that contaminated leacnate is flowing from the 
material into the adjacent low lands west of the dumping site. 
Depending on the chemical nature of the material, pollution of 
surface and/or ground water may result froia this type of dis­
posal practice.

In addition to the grit and screenings noted at the site, two 
other types of wastes are being dumped at the same location.
One of the wastes is whitish-grey in color while the other 
waste material is red in color.

Since a solid waste disposal facility permit has not been Issued 
to the Metropolitan Waste Control Commission (MWCC) by the 
Minnesota Pollution Control Agency (MPCA) Board for disposal of 
these wastes, it would appear that the HWCC is in violation of 
Minnesota Regulation 8W-5 which states in part that:

"It shall be unlawful for any person to establish, maintain, 
conduct or operate an intermediate or final solid waste 
disposal site os facility except as provided in these regu­
lations without first obtaining a permit from the Agency."

296-7324

,1010100



01519

Bernard J. Harrington 
Septenber 1, 1373 
Page 2

Naturally, any assessment of disposal alternatives for wastes 
of this nature must be based on sound chemical Information about 
the wastes. Accordingly, you are hereby requested to arrange 
for tho Metropolitan Waste Control Commission to perform a 
standardized leaching test (copy of procedure enclosed) on 
each of the waste types Involved. Results of all tests performed 
must bo submitted to this office within thirty (30) days of 
receipt of this letter.
In addition, it is requested that the MWCC prepare and submit 
a suitable solid waste disposal plan for these wastes within 
forty five (45) days of receipt of this letter. Said-i»lan 
shall be based on the chemical results of leaching tests performed 
as well as on volumes and the physical nature of the wastes 
produced. Obviously, any such plan must also be consistent 
with all local, state, aud foderal rules and regulations.
Please contact this office If thero are questions regarding 
these r-atters.

Sincerely,

Ql^c,
Daniel A. Coueau 
Soil Scientist 
Enforcement Section 
Division of Solid Waste

DAC:rrs 

Enclosure (1)
cc: Richard Howard, Department of the Army, St. Paul District,

Corps of Engineers, 1135 L.S. Post Office and Custom House, 
St. Paul, ICI 55101
Ronald Harnack, Regional Hydrolotist, UN Dept, of Natural 
Resources, Division of Waters, 1200 YTarner Road, St. Paul, 
UN 55106
Keith Bsaeke, U.S. EPA, W^Wl District Office, 7401 Lyndalo 
Avenue South, Minneapolis, UN 55423

bcc: Bruce ¥. Brott, Chief, Permits Section, Division of Solid
WasteRichard A. Svanda, Permits, Water QulAity Division
Perry Beaton, Facilities, Water Quality Division
Tim K. Scherkenbach, Enforcement, Water Quality Division

1010099
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STICK POSTAGE STAMPS TO ARTICLE TO COVER POSTAGE (fust class or airmail), 
CERTIFIED MAIL FEE. AND CHARGES FOR ANY SELECTED OPTIONAL SERVICES, (see front)

If you want this receipt postmarlied, sticli the gummed stub on the left portion ot the address 
side of the article, leaving the receipt attached, and present the article at a post office service 
window or hand it to your rural carrier, (no extra charge)
If you do not want this receipt postmarlied, sticlr the gummed stub on the let! portion of 
the address side of the article, date, detach and retain the receipt, aiv* mail the article.
If you want a return receipt, write the certi(ied-mail number and your name and address on 
a return receipt card, Form 3811, and attach it to the bac)i ol the article by means ot the 
gummed ends. Endorse front of article RETURN RECEIPT REQUESTED.
If you want delivery restricted to the addressee, or to an authorized agent of the addressee, 
endorse RESTRICTED DELIVERY on the front of the article. Check the appropriate blocks in 
Item 1 of the return receipt card.
Save this receipt and present it if you make inquiry.
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October 5, 1978
(~

i' m
MINN. POLLUTION 
CONTROL AGENCY

Mr. Daniel A. Comeau 
Soil Scientist, Enforcement Section 
Division of Solid Waste 
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, Minnesota 55113
Subject: Disposal of Solid Wastes

Metropolitan Wastewater Treatment Plant 
Letter of September 1, 1978 
MWCC Index No. 78-4007

Dear Mr. Comeau:
The purpose of this letter is to respond to your letter of 
September 1, 1978 to Mr. Harrington on the subject matter.
The Cotimission routinely disposes of only grit material removed 
in the plant grit facilities on the Metro Plant site. Screenings 
have for a number of years been hauled to a sanitary landfill for 
disposal.
The solid waste noted as red in color was in all probability 
floor sweepings and compound which were erroneously and inadver­
tently deposited on-site. Floor sweepings are normally included 
with solid waste which is hauled to a sanitary landfill.
The whitish-grey solid waste noted is grit material from cleaning 
the lime slakers. This material consists of either limestone 
which was not properly calcined to lime or other rock material 
which is an impurity in the limestone used for producing the 
pebble lime. The amount of this material generated is generally 
limited.
The Metropolitan Wastewater Treatment Plant has historically dis­
posed of residual solids materials on site since the facility 
began operating in 1938. Only recently have past procedures 
changed: (1) incinerator ash, formerly sluiced for on site land­
fill disposal, has been deposited since August, 1975 in ash basins 
for subsequent removal and land disposal elsewhere; and (2) 
screenings, as previously noted, are now disposed of to a sanitary 
landfill, whereas in the past, they had been landfilled on site. 
Consequently, only grit materials are presently disposed of on-site.

lOiOiig
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Letter to Mr. Daniel A. Comeau 
Minnesota Pollution Control Agency

Pape Two 
October 5, 1978

Your letter indicating that the disposal of grit on the Metro Plant site 
may be in violation of MPCA Regulation SW-5 is the first notification to 
our knowledge that these materials may require a permit at this time for 
the present method of disposal.
As the Agency is aware, the Commission is presently constructing over 
$150 million of solids processing facilities at the Metro Plant which com­
pletely change the solids processing procedures at the plant. Apparently 
the subject of applicable grit disposal methods and facilities was over­
looked in considering these facilities. The new facilities do provide for 
dry handling and storage of incinerator ash for subsequent off-site landfill. 
The new solids processing facilities also change chemical conditioning of 
sludge from the lime-ferric chloride system presently used, to one relying 
entirely upon the use of polymers. Consequently, as the new solids pro­
cessing facilities are placed on line in accordance with the schedule in 
the NPDES Permit issued June 1, 1978, the use of lime at the plant will be 
essentially eliminated; and the production of grit material from the lime 
slaking operation will be eliminate '

As the Agency is aware, the Commission has ongoing a 201 Facilities 
Planning Study which directly affects solid waste disposal considerations 
and methods at the Metro Plant: Residual Solids Management Study (RSMS),
MWCC Project No. 75-01. The RSMS, initiated in May, 1977, has the objective 
to define and develop the most environmentally sound, cost-effective methods 
of processing and disposing of all residual solids generated at Commission 
faci 1 ities. The study, presently projected for total comp].&tion in Octgber, 
1979, will therTcletermine~^_ best alterogl^rTor grit disposal at the 
M^ro Plant.'

Based on historical grit disposal methods, the RSMS to determine the most 
feasible grit disposal alternative in coordination with other Commission 
residual solids disposal requirements, and the quality and quantity of 
grit as subsequently discussed, there appears to be no cogent reason at 
this time to accelerate any alternate disposal method implementation. There­
fore , it is prnpnt^pd that the solid waste Plan for orit di<;Dn«;al rnn«;i«;t of 
that which will be developed from the RSMS; and that the Agency provide its 
input to the study in terms of necessary data on grit required tQ,jie.f.jne 
airTd^ analyze sui tab Ie _al ternUjy&^lSJ^O^'l'' methods. Jf Tiliel^gii^v determines 
that a“"soTTd waTEe'disposal permit is required forThe present method of 
disposal, then the Conmission will apply for a permit when application re­
quirements are defined.
Information on the present grit handling methods, quantities, and quality 
are the following:
1. Grit removal and handling facilities are essentially the same for the 

two pretreatment systems at the plant: grit is removed in grit chambers;
the removed grit is pumped through hydrocyclones to dewater the grit; 
grit from the hydrocyclones drops into storage hoppers which enable 
further moisture removal by drainage; and grit from the hoppers is

1010118
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Letter to Mr. Daniel A. Comeau 
Minnesota Pollution Control Agency

Page Three 
October 5, 1978

2.

loaded into trucks for transport to the on-site landfill area. The 
west pretreatment facilities remove grit in velocity control chambers.
The new east pretreatment facilities remove grit in aerated grit 
chambers.
The quantity of grit from 1940 through 1968 shown in Table 1 and 
Figure 1 attached. The grit averaged about 5.2 cu.ft./mil. gal. and 
annual total solids content after drainage ranged from 80% to 90%.
The quantity of grit from 1976 through September, 1978, is shown in 
Table 2. In Table 3, data on the total solids content and volatile 
solids content of grit in 1978 are provided. The total solids data 
is somewhat different than previous years because of the new facilities 
placed into operation and the adjustments necessary to adapt to oper­
ation with the new facilities. Data from the summer period indicate 
that the total solids content should average about 80% or higher, with 
a volatile percentage of 10% to 20%.
Grit is transported by wastewater and, as a result, solubilizes any 
soluble substances into the wastewater over the period of time that 
grit is in contact with the wastewater. Consequently, raw wastewater 
characteristics, insofar that they represent totally soluble constituents, 
indicate the maximum leachate concentration possible and represent the 
concentration to be found in interstitial water of the drained grit.
The raw wastewater characteristics of the Metro Plant influent are 
given in Table 4.
Based on the above information, the grit may be expected to have the 
following average characteristics;

Quantity 
Total Solids, %

% Volatile 
Wet Weight

12,000 - 14,000 cu.yd./year 
80% - 85%
10% - 15%

80 - 85 Ib./cu.ft.
As the grit is drained before disposal and contains only 15% to 20% moisture 
conient, further drainage after disposal is expected to be minimal. Obser­
vations of possible drainage from grit piles may have been during operating 
problems with the drainage facilities on storage hoppers.. Screens on the 
hoppers were blinding and preventing removal of water through drainage 
piping^ Modifications to the hoppers have been made to minimize or over­
come this problem area.
Based on the raw wastewater characteristics and low moisture content of the 
grit, there is no reason to believe that either drainage or leachate from 
landfilled grit present a problem.
In summary, there is no reason to believe that the present method of grit 
disposal at the Metro Plant represents any real problem that cannot await 
the results of the ongoing RSM study. Consequently, a detailed study of

1010117
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Letter to Mr. Daniel A. Comeau 
Minnesota Pollution Control Agency

Page Four 
October 5, 1978

grit characteristics and disposal alternatives under this project will 
develop a suitable, cost-effective, and coordinated solid waste disposal 
plan. If a solid waste disposal permit is required for the present 
grit disposal program, then the Commission will file the required appli­
cation as defined by the Agency.
If you have any questions, desire further information, or decide on further 
action necessary by the Commission, please inform us.
Sincerely,

Anthony C. Qia£r>^
Deputy Chief Mministrator

ACG/WAB/lb
10.6.78

G. W. Lusher 
B. J. Harrington 
W. K. Johnson 
D. C. Bergstedt 
J. Corcoran 
G. Wegwart, MPCA 
V. K. Naidu

Attachments

lOlOllG
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TABLE NO. V

ESTIMATED QUANTITIES OF GRIT REMOVED

Ypar

;m0
•.Ml
;m2
:m3
IM4

;>>45 
i'M6 
:'M7 
I'M 8 
;949

l')50 
)’>51 

! 1952
1953
1954

l'>55 
1-156 
1957 
I'158 
l')59

1960
1961 
i>02 
190 3 
1964

1905 
• 9o6

1968

Flow
Thru
Plant

104.2 
109.9 
115. 1 
119. 1 
122. 2

118.6 
119. 3
125.6 
122.8 
124. 8

122. 3 
131. 9 
135. 2
142.6
138.6

135. 6 
139. 2 
149. 0 
143.5 
149. 9

158.2
162.4 
178. 1
188.5 
188. 0

187.8 
194. 8 
205. 3 
215.0

Aver.

C.F.
Per
M.G.

6.2
6.2
5.4 
5. 1 
5.0

4.4
4.4 
4. 5
4.5
4.6

4. 8 
5.0
5.2 
5.5
5. 7

6.2 
6.2 
6.2
6. 1 
5.5

5.3
4.3
4.8
4.2
4.3

5.4
4.9 
4. 7 
6. 3

5.2

C. F.
Per
Day

645
680
736
465
538

545
668
452
478
586

562
830
621
697
790

813
1030
1030

745
855

840
699
851
785
811

1019
951
965

1358

5 Yr. Wet Wt. 
Aver- Per 
age Cubic 
C.F. / Ft.
Day

612
592
590

533
536
545
549
581

615
659
700
750
790

872
881
894
900
833

798
806
797
833
883

906
1021

86. 9
85.5
87. 8 
85.8
83.6

86.0
86.7
83. 1 
75. 1 
71.6

74.2
86.3
85.5 
85. 7
79.6

76.2 
77.5
78.8
76.0
79.8

82.4
84. 3 
87. 9
85.5
92.4

95.3 
87. 9
87.9
79.5

83.1

Pounds
Per
Day
Wet

56.000
58.000
64.500 
40, 000
45.000

47, 000
58.000
37.600
36.000
42.000

41,700
71.500
53.200
59.800
63.000

62.000 
80,000 
81,000 
56, 500 
68, 200

69.200 
58,900
74.800 
67,100 
74. 900

97. 100
83.600
84.800 

108.000

Per cent 
Solids

84.9
84.4 
87. 7 
88.0 
85.0

85.6
83. 1
84. 5 
82. 2
84. 4

83.0 
87. 9
87. 7 
89. 1
85.4

85. 3
86.5 
89. 5 
82. 7
84.9

86. 8 
89. 1
88. 3
84.0
86.6

87.9 
85.6 
82.4 
79. 8

Pounds
Per
Day
Dry

47.500
49.000
56.500
35.000
38.000

40.000
48.000 
31,800 
29,600
35.500

34,700
63.000
46.600
53.000
54.000

53.000
69.000
72.500
46.500
58.000

60,100
52.500
66.000
56.400
64.900

85.400
71.600
69.900 
86,200
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TABLE 2
METROPOLITAN WA5T€WATER TREATMENT PLANT 

Quantities of Grit 
1976 - 1978

01527

Quantities of Grit - 1000 Cu.Ft.
Month

Of Year 1976 1977 1978

January 7.8 7.3 24.5

February 11.9 23.5 14.0

March 21.3 26.3 19.8

April 20.8 24.7 26.8

May 16.6 25.7 24.6

June 22.9 34.4 34.6

July 23.2 44.5 38.7

August 23.0 35.0 30.9

September 17.4 46.8 24.2

October 16.3 42.3

November 9.1 29.8

December 10.0 17.7
'

Total 200.3 358.0 *238.1
Cu.Ft./MG 2.82 5.03 *4.0(

* for 9-month period January-September

ioioiM
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TABLE 3

METROPOLITAN WASTEWATER TREATMENT PLANT 

Grit Characteristics in 1978

Month 
Of Year

EAST PRETREATMENT
No. of Total Solids
Values Percent % Volatile

WEST PRETREATMENT
No. of Total Solids
Values Percent % Volatile

January 0 — 1 91.9 4.6
February 0 — 0
March 1 22.8 82.3 0
April 22 67.4 20.8 3 49.7 32.3
May 30 57.4 32.7 0
June 36 68.5 20.6 0
July 48 80.5 10.3 0
August 38 77.9 14.2 1 86.1 6.8
September 9 64.4 20.9 0

Notes:

1. East pretreatment facilities are new aerated grit chambers; placed into 
operation March 27, 1978; West pretreatment facilities are flow control 
grit chambers.

2. Samples are grab samples from trucks hauling grit
3. Samples which were not designated as either east or west were included 

in east values.
4. September values are through the 25th.

WAB/lb
10.5.78

loicin
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TABLE 4
METROPOLITAN WASTEWATER TREATMENT PLANT 

Raw Wastewater Characteristics

Characteristic

Flow, mgd 

BOD, tng/1 

COD, mg/1 

TSS, mg/1 

pH, S.V.
TKN, mg/1 

Ammonia-N, mg/1 

Total Phosphorus, mg P/1 
Temperature, °C 

Settleable Solids, ml/1 

♦Cadmium, mg/1 

♦Chromium (total), mg/1 

♦Copper, mg/1 

♦Lead, mg/1 

♦Nickel, mg/1 

♦Zinc, mg/1

Annual Average in 1977

'3EI' .0

♦ Average influent concentration for March-October, 1977 
during which period flow averaged 202 mgd

WAB/lb
10.5.78

1010113
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KTUil): ’nie ultimate disposal of solids is a major consideration in any waste
disiK)sal system. All plants in tJic Ibtrcpolitan Disposal Systein, witli tl\e exception 
of Metio auid Dcncca, produce digested sludge wiiidi is hauled to land disposal sites 
or to tlic Ibtro and Seneca plai\ts for incineration. Incinerated sludge from Metro 
and Seneca is disposed m .adi ponds and ultimately ends up in sanitary landfills.
Grit and screenings from all plants is generally transported by coinncrcial hauler 
and disposed iji sanitary landfills. Tlic hauling of sludge and waste solids is a major 
operatiojial expense for tlic Ifctropolitan Disposal System. There is a need to coordinate 
Ae present disposal system into a sys tenia tic and efficient program. This includes 
inventorying the existing system, locating and developing regional disposal sites for 
sludge and solid waste material, investigating possible adaptations in the current 
sludge processing and transportation systera, and studying alternatives to the existing 
solids handling systems. There is also a need to develop interim solutions for small 
plants which are sdieduled to be pJiased out within a few years. The following list 
of plants ;vit]iin the Tfetropolitan Disposal System are scheduled to be investigated under 
the 201 Facilities Planning Program, including the mode of sludge processing and ultimate 
solids disposal:

Anoka — Produces 2,416,000 gallons of anaerobically digested sludge annually. 
Sludge formerly was spread on drying beds at a sanitary landfill site, but 
non is aai interceptor and is eventmlly processed at Metro U'astev:ater Treat­
ment Plant. Grit and screenings are disposed at a sanitary landfill (1974}.

Apple Valley -- Produces 4,138,500 gallons of aerobically digested sludge 
annually. Sludge is disposed on land at Rosemount Experimental Station.
Grit and screening are disposed at a sanitaiy landfill (1974).

Blue Lake -- 14,031,000 gallons of primary and aerobically digested waste
activated sludge is hauled to Seneca or Metro annually. Grit and screening 
to sanitary landfill. -------------

Bayport -- Produces 1,293,000 gallons of aerobically digested sludge which is 
hauled to Stillwater Wastewater Treatment Plant or Metro V/astev;ater Treatment 
Plant Disposal System. Grit and screening go to sanitary landfill.

f

Oiaska -- 1,448,400 gallons of aerobically digested sludge is transported to
Blue Lake Wastewater Treatment Plant Disposal System (and hence, to Seneca 
or ^fetro).G^it and screenings go to a sanitary landfill.

Pottage Grove -- 1,624,000 gallons of anaerobically digested sludge is dev/atered
on drying beds or hauled to Rosemount Ejqaeriment Sention. Grit and 
screenings go to sanitary landfill.

Farmington — 786^000 gallons of anaerobically digested sludge hauled to
Rosemount experimental station annually. Grit and i'creenii^gs go to a 
sanitaiy landfill.

Hastings -- 1,952,000 gallons of anaerobically digested sludge liauled to
Rosemount experimental station annually. Grit and rcreenings are liauled 
to sanitary landfill.

Lakeville — 311,500 gallons of amerobically digested sludge go to Rosemount
Ejqici-incut Station. 45,000 gallons went to drying reds with cal;e spread 
on farm a»ncd by the operator in 1974, Grit and sciocnings are hauled to 
sanitary landfill.

- 26 -
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Long La]<e — In 19 , 55,000 gallons of anaerobic a ^ digested: 01S32
transported to farm land and 8,500 gallons to drying beds where xl nio 
picked by peq^le for laivn and garden. In 1975, most sludge was hauled 
to an iiccerceptor leading to Blue Lake or Metro. Grit and screenings are 
hauled to a sanitary landfill.

Maple Plain — In 1974, 48,000 gallons of anaerobically digested sludge went 
to drying beds to be picked up by people for lawn and garden use. Grit 
and screenings are haliled to a sanitary landfill.

Metro ~ Sludge is dewatered and incinerated, 43,898 gallons primary sludge plus 
10% chenicals and 45,776 gallons mixed sludge plus 25% chemicals are disposed 
in ash ponds. Grit and screenings go to a sanitary landfill.

Orono — la 1974, 700,000 gallons of aerobically digested sludge went to a 
^T.ocal Farm; 100,000 gallons went to a drying bed with cake picked ip by 

people fior lawn and garden use. Some sludge was hauled to interceptor 
feeding Slue Lake or ^fetro. Grit and screenings go to a sanitary landfill.

Prior Lake — In 1974, 21,000 gallons of anaerobically digested sludge hauled 
to Seneca for incineration; 148,000 gallons to sludge dp^ing beds with cake 
disposal «i site or to local farm land. Grit and screenLags go to a 
sanitary landfill.

Rpsenpunt — Sludge hauled to lietro for incineration. Some sludge injected 
on-site in 1975 as part of research project.

Savage — 2SD,000 gallons of anaerobically digested sludge is hauled to Seneca.

Seneca -- SiLaidge is incinerated and disposed in ash ponds, /oh c-vcntrally 
goes to a sanitary landfill. Screenings go to sanitary landfill. Grit is 
incineratod and disposed in ash ponds.

So. St. Paul — 240,000 gallons go to a sludge lagoon. Grit and screenings are 
hauled to a sanitary landfill.

Stillwater — 3,305,400 gallons of anaerobic digested sluice is hauled to local 
farm land, or to the Metro Wastewater Treatment, Plant Disposal System, and 
120,000 gallons hauled to Rosemount Experimental Station in 1974. 35,400
gallons tSswatered on drying beds and pid:ed ^ by people for lawn and 
garden use. Grit and screenings go to a sanitary landfill.

The original Plan of Stu^ for the 201 Facilities Plan contained two studies — 
Ultimate Disposal of Solids and Utilization of Sludge from Small Plants -- tiiat 
addressed the ^neral problems of solids utilization and/or disposal. Because 
these two studies are so closely interrelated, it is proposed to combine them 
into one study, as hereinafter described.

Because the stody is so extensive, the study will be divided into the following 
areas of stu«^% listed in ^proximate sequenced order for initiation of the work:
(1) Inventory of existing system; (2) Analysis of immediate needs; (3) Public 
information pu?cgram; (4) Ultimate disposal site selection; (5) Fertilizer 
marketing stus&'; (6) Interface with fertilizer marketability study; (7) Solids 
processing and transport; (8j Land managment plan; (9) Selection of total system 
plan and integration into f-fetropolitan Disposal System; and (10) Changing technolog 
and system ELexibility. The studies are primarily directed toward land spreading

- 27 - 1010109



01533
and/or sanitary landfill, considered at tliis time to be tlie two printny iuccr- 
natives for ultimate disposal. Ibe last section will address tJic fact that new 
solids processing ;md resource recover)- tccJmology is developing rapidly and 
that the final Sol.i(.L> Utilizntion/DisiX)sal System selected must incoiporatc 
sufficient flexibility to acco;m'.’odate tliis changing tcduiology. Decisions nude 
as part of tiic Ultimate Disposal Studies will provide the basic friunework for 
addressing Ultimate Disixjsal as it relates to specific service area facilities 
plans.

- 28 - J010108
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SEP 0 4 1979

■ ' ■ ?
■ . ■ :

-• • -■■.■:■ i;.

,; -

Mr, Bernard J« Harrington 
Director of Engineering 
Metropolitan Vaete Control Comnieeion 
850 Metro Square Bldg,
8t. Paul* lOi 55101. -

Ml Inspection of MetropoH^tan Maate Control Comisaion 
Aah Disposal Bite,Cw~ie»^

Dear Mr, Harrlngtoni
This confirms the inspection conducted at the above referenced 
facility by Minnesota Pollution Control Agency Solid Vaste 
Divlalon staff ©n August 81, 1979. .
During this inspection the following operational coneema 
were noted!
1. Prohibited wastes in the form of concrete, scrap 

wood, scrap awtal, metal drums, household garbage 
and paper was observed in the unpenaitted grit 
deposition area. .

t. There are no fences or gates present which, in any way, 
control access to the site.

8. There is no site identification sign present. •f. '

4, To date, no fence has been constructed around the 
unpermitted grit deposition area, as was indicated 
by NVCC staff at a recent meeting.

At present. It was observed that grit is being de­
posited at the edge of the diked ash holding area . ^ 
and pushed in with a front-end loader. As sueh, it 
was eonfirmed that the wipemitted grit dispossil 
area is no longer being utilised. It will still be 
required that some plan be submitted to deal with 
the matter of the grit which has already been deposited
outside of the diked area. '-V

nc
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Mr, Bernard J, Harrington 
Page 2

;

Thla Agency Is hopeful that these matters may be resolved
b.tw..n «oc

Thank 3rOtt* • ^

■ " ■ sincerely,^'

■ .. .

Jeff Harthim^- -
Pollution dontrel Speelalist 
Enforcement Section 
Division of Solid Waste > v

JHids
cci Enrique Gentssch, Eamsey County

I Dan Comeau, Enforcement Section, Solid Waste Division
IS*:O;;'.

%
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' • , ••.•. •-- V. »' Y
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Dan Come&j^, Soil Scientist 
Enforcement Section 
Division of Solid Vaste

5Ui; C'.’

Aug. 31, 1979

Jeff Barthun, P.C.S, 
Envorcenent Section 
Division of Solid Waste

296-7288

IMSPECTIOB OF HWCC ASH AND GRIT DISPOSAL SITE, 6W-189

An inspection of this facility was conducted by as at 7(00 A.K. on 
August 31, 1979.
Currently grit is being deposited at the edge of the diked area and 
pushed into this ash lagoon with a front-end loader. This process 
has been observed during recent monthly inspections, since about 
June, 1979, as Nr. Bill Blaine stated at a recent meeting with KPCA 
staff held at 2:00 P.M. on August 24, 1979.
At this above referenced meeting, Mr. Blaine also indicated that a 
fence had been constructed around the nnpermitted grit deposition 
area. However, no fence was observed at this inspection.
Other problems cited at this inspection were as follows:

1. Prohibited wastes were observed in the nnpermitted grit 
deposition area. These wastes included demolition debris, 
household garbage, metal drums, and paper.

2. No site identification sign is present at the entrance.

3. There are notgates or fences present which would act to 
restrict access to the site.

JF/dar

ii :] 
iff-
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MINNESOTA Pn* LUTION CONTROL AGENCY - SOL]^ WASTE DIVISK
V V.
SOLID WASTE FACILITYolTE INSPECTION REPORT

01537

SECTION I - GENERAL 

^te

County ____  Site Operator

I I —

Fariliry ^Amp ^ iOCC CLa\A. .BmX
MPCA Permit No. SW

Others Present.

Type of Operation; Sanitary Landfill . Demolition Landfill. Modified Landfill.

Time ~7 ■ 0^ ^ ^. Weather Conditions ^ ~P^ inspertnr

Present Fill Area (Trench) according to Engineering Plans_________________________________________

J21
Other

(A^

Signature.
Sit« Opprctor / Gat* Anandsnt

SECTION II - OPERATING PROCEDURES - Violationi of SW 6(2)

□ (a) Open Burning □ (h)
□ (b) Leachate generation
□ (c) Working Face — Litter Control □ (i)
□ (d)(i) Spreading and Compaction - Daily Cover □ (j)
□ (ii) Intermediate Cover Previously Filled □ (k)

Areas □ (m)
□ (iii) Cover Material Stockpile □ (n)
□ (iv) Cover Material Grading □ (o)
□ (e) Surface Water Drainage □ (p)

f (f) Property Line Separation JSJ (q)

lJ (g) Vermin Control 0, (r)

Approach and On-Site Access 
Roads

Dust Control 
Equipment
Fire Protection Equipment
Sanitary Facilities and Shelter
Scavenging
Screening

Site Attendant
Gate and Fences
Sign

□ (s) Water Monitoring System
□ (t) Leachate Collection System
□ (u) Gas Venting System
^ (v) Prohibited Wastes
□ (w) Hazardous Waste Storeage Area
□ (y) Demolition Waste Area
□ (z) Monthly Operational Reports

Water Monitoring Reports
□ (aa)(i)Final Cover of Terminated Areas
□ (ii)Vegetation on Terminated Areas

Description of Violation (s)

iLr

/m
SUL^^

1 >-^vX-\ Cy.^'-vjfcA-^V^ V U^~-exX~^-'UT

\^l J I i y't '' y ""-^cy A, ' ^ ---------- V^VJ-' '

J Ayv>^ W
^'4otetiow uf Spn:ijf Peimit Conditigns ^Xyii P I 1

Pictures Taken Dgsmptinn c:^ D t >i CX\.x^i^

1080033
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T.NSTRUCTIONS

Section I - General c c
01S338

Give date of inspection, name of facility, permit number, county in which 
facility is located, site operator's name, note others present, check 
type of operation, time of inspection, weather conditions at time of 
inspection and description of present fill area according to engineering 
plans.
Have site operator or gate attendant sign the report.

Section II - Operating Procedures

Place an "x" before each item determined to be in violation. Describe 
the nature of the violation.

(e)

(i)
(j)

(a) Open burning - Open burning is prohibited at sanitary landfills.
(b) Leachate generation - Is leachate being generated? Note location if 

there is a surface discharge. Also, note if samples were taken.
(c) Working face - Face should be as small as practicable.

Litter control - Appropriate barriers to prevent litter and daily 
collection of litter is required.

(d) (i) Spreading euid compaction Waste shall be uniformly distributed
and compacted as densely as practicable.
Daily cover - Waste shall be covered with six inches of compacted 
soil daily.

(ii) Intermediate cover - Twelve inches of cover material applied to 
areas left for more than 120 days.

(iii) Cover material stockpile - Is there an adequate supply of cover 
material? Stockpile should be protected for winter operation.

(iv) Cover material grading - Cover material shall be graded to promote 
surface water runoff without excessive erosion.
Surface water drainage - Surface water is diverted around and away 
from the landfill operating area.
Property line separation - Twenty foot separation shall be maintained 
oetween the disposal operation and the adjacent property line.
Vermin control - Effective means shall be used to control flies and 
rodents.
Approach and on-site access roads - These roads shall be maintained in 
good condition.
Dust control - Adequate dust control on-site shall be provided. 
Equipment - Equipment suitable to operate the site shall be availaible 
at all times.
Fire protection equipment - Equipment to control accidental fires shall 
be kept at the site.
Sanitary facilities 'and shelter - Maintenance buildings and sanitary 
facilities shall be available.
Scavenging - Scavenging is prohibited.
Screening - Screening shall be provided as per the site engineering 
plans.
Site attendant - Site attendant shall be on duty at all times when the 
site is open for operation.
Gate and fences - Gate and fencing shall be provided as per site 
engineering plans.
Sign - Permanent sign at entrance with proper information.
Water monitoring system - Monitoring system installed as per site 
engineering plans.
Leachate collection system - Leachate collection system installed and 
operated as per site engineering plans.

(u) Gas venting system - Gas venting system installed and operated as per 
site engineering plans.

(v) Prohibited wastes - Those wastes as identified in Agency Regulation 
SVJ 6(2)(v) are prohibited for deposit in sanitary landfills.

(w) Hazardous waste storage area - A hazardous waste storage area shall 
be provided. A sign should properly identify this area.

(y) Dtmolition waste area - If provided, the demolition waste area shall 
be maintained in an acceptaible manner.

(z) Monthly operational reports - Operational reports shall be submitted 
to the Agency monthly.
Water monitoring reports - Water monitoring reports shall be submitted 
to the Agency on a quarterly basis or as specified.

(aa)(i Final cover of terminated areas - Two feet of cover applied to 
completed areas within one month. Final cover graded to minimum 2% 
s_ope.

(ii; Vegetation on terminated areas - Suitable vegetation shall be 
maintained on terminated areas.

(m)

(n)
(o)

(r)
(s)

(t)

Violation(s) of special permit conditions - List and describe violation(s) 
of special conditions of the site permit.

Note whether pictures were taken zmd describe what picture represents,

Forward the original report to the Section Chief, Section of Enforcement, 
Solid Waste Division, 1935 West County Road B2, Roseville MN 55113, 

r t ' T . regional office, one copy to the facility permittee
O U {J li V 1 county solid waste officer.

i y , > r' 'J r- r
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Mr* Bernard J* Harrington 
Director of EngineeringMetropolitan vLite Control CoaHtlaalon li; ,
350 Metro Square Bldg* 
St. Paul, MN 6510V ^

Dear Mr* Harrlngtoni i . . V

■■-■ r vA-
■. I->Vv.-

■■ V

. ..This indlcatea that an Inspection of the above referenced

;.^r'
•- 'V-;^ r

Certain operational ooneems were observed during this 
Inspection! ■ . ■.■■.„ , * .

; . .'■■■.■• .V . . ... . • . '■■■ • ■ .. . A ■

1* Prohibited wastes in the fom of household garbage, 
demolition debris, cans and bottles were noted.

i. There are still no gates or fences present whleh 
would aet to restrict aoeesB*

ft

4,

Ho alto Identification stills'
■ '■■ ■ ■ A..

Zt was eurrently observed that eonsiderabie amounts 
of earthen oover material have been stockpiled on 
the surface of the unperaltted grit disposal area*
It was requested in the last monthly inspection 
letter that some plan be submitted to deal with grit 
which has already been deposited as well as grit 
idileh is presently being pushed into the diked area. 
Simply eovering this grit disposal area would probi^ly 
not be acceptable, if this is what la proposed, 
espselally sines a wide variety of ether eolid wastes 
have been buried here in recent months. Pleass respond 
to this Ageney indicating what WCC plana are fbr
this grit disposal area*



■. 4,^; ,;

Mr, BemAZ*tf Harrington 
Director of Inglneerlng 
Page S

01540

• ■ ■.. S'- .

-"

t. A final preblen observad at this Inspactlon la tht 
baale problem of the decreasing amount of apace 
available in the aah dlepoaal diked areaa«

pie MlnMaota Pollution Control Agency Polld Waste Dlvlalon 
la still hopeful that the above matters nay be resolved 
shortly• ^

. j.

y ■■i':-. » ;

/

^ida

Jeff Harthtm
Pollution Control Specialist 
Enforcement Section 
Division of Solid Waste

CO I Enrlqitt Centaach, Ramsey County
' ■ \^r '
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MINNESOTA PC^ UTION CONTROL AGENCY - SOLI^'ASTE DIVISION
01541

SOLID WASTE FACILITY SITE INSPECTION REPORT

SECTION I - GENERAL
n:.tp ^ Far,lily Mpmp M Li v* TC MPCA Permit No. SW _/2S

County*^^d!I^Ai
Site Operator

Type of Operation: Sanitary Landfill . Demolition Landfill.

Others Present.

. Modified Landfill.

Time ^ ■ Weather Conditions -Inspector

Present Fill Area (Trench) according to Engineering Plans.

Signature.
Site Operator / Gate Attendant

SECTION II - OPERATING PROCEDURES - Violations of SW 6(2)

□ (a) Open Burning □ (h) Approach and On-Site Access □ (s) Water Monitoring System
□ (b) Leachate generation Roads □ (t) Leachate Collection System
□ (c) Working Face — Litter Control □ (i) Dust Control □ (u) Gas Venting System
□ (d)(i) Spreading and Compaction - Daily Cover □ (j) Equipment K(v) Prohibited Wastes

□ (ii) Intermediate Cover Previously Filled □ (k) Fire Protection Equipment □ (w) Hazardous Waste Storeage Area
Areas □ (m) Sanitary Facilities and Shelter □ (V) Demolition Waste Area

□ (iii) Cover Material Stockpile □ (n) Scavenging □ (z) Monthly Operational Reports

□ (iv) Cover Material Grading □ (o) Screening Water Monitoring Reports
(e) Surface Water Drainage □ (p) Site Attendant □ (aa)(i)Final Cover of Terminated Areas

C (f) Property Line Separation ^(q) Gate and Fences □ (ii)Vegetation on Terminated An

□ (g) Vermin Control ;&(r) Sign

Description of Violation (s)
^ 0^/rvvrv^yY^^^ rC^

r\ N f—f yy

Arr>C\Ji

Y\ Q_, ri/) Lpj •
. c:X.p^viA i

CV* 1 ji . 1 .^^yVWrs, <3/ A^»rC(
0A_r\ IrTL^JL ^ th C^jS)}AX^ ^

VlO~ /W. *

(jr) ’Al^xL<yr^ i -p^s 1 A,-g ,

#̂lations of Special Permit Conditions

Pictures Taken B Description ^

^ Jl .A A ✓Rp4gU<^ g Jl -cAjKyV >TK^ 0 Pv
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INSTRUCTIONS

Section I - GeneralL c
Give date of inspection, name of facility, permit number, county in which 
facility is located, site operator's name, note others present, check 
type of operation, time of inspection, weather conditions at time of 
inspection and description of present fill area according to engineering 
plans.
Have site operator or gate attendant sign the report.

Section II - Operating Procedures

Place an "x" before each item determined to be in violation, 
the nature of the violation.

Describe

rv
CO
o
o
<30
o

(a) Open burning - Open burning is prohibited at sanitary landfills.
(b) Leachate generation - Is leachate being gene-ratedl Note location if 

there is a surface discharge. Also, note if samples were taken.
(c) Working face - Face should be as small as practicable.

Lit ter control - Appropriate barriers to prevent litter and daily 
col lection of litter is required.

(d) (i) Spreading and compaction - Waste shall be uniformly distributed 
and compacted as densely as practicable.
Dai_y cover - Waste shall be covered with six inches of compacted 
soil daily.

(ii) Intermediate cover - Twelve inches of cover material applied to 
areas left for more than 120 days.

!iii; Cover material stockpile - Is there an adequate supply of cover 
material? Stockpile should be protected for winter operation.

(iv) Cover material grading - Cover material shall be graded to promote 
surface water runoff without excessive erosion.

(e) Surface water drainage - Surface water is diverted around and away 
from the landfill operating area.

(f) Property line separation - Twenty foot separation shall be maintained 
between the di^sposal operation and the adjacent property line.

(g) Vermin control - Effective means shall be used to control flies and 
rodents.

(h) Approach and on-site access roads - These roads shall be maintained in 
good condition.

(i) Dus- control - Adequate dust control on-site shall be provided.
(j) Equipment - Equipment suitable to operate the site shall be available 

at all times.
(k) Fire protection equipment - Equipment to control, accidental fires shall 

be kept at the site.
(m) Sar. i.tary facilities and shelter - Maintenance buildings and sanitary 

facilities shall be available.
(n) . Scavenging - Scavenging is prohibited.
(o) Screening -. Screening shall be provided as per the site engineering

plans. . •. , ■ ' .
(p) Site attendant Site'attendant shall be on duty at all times when the 

sit a is open fox operation.
(q) .Gate and fences - Gate and fencing shall be provided as per site - 

'enc .neering plans.
(r) Sig1 - Permanent sign at entrance with proper information.
(s) Watar monitoring system - Monitoring system'installed as per site 

eng-.neering plans.
(t) Lea :hate collection system - Leachate 'colletJtion system installed -and 

ope.-ated as per site engineering plans.
(u) Gas venting system - Gas,venting system installed and operated, as per 

site engineering plans.
(v) Prohibited wastes - Those wastes as identified in Agency Regulation 

SW 6(2)(v) are prohibited for deposit insanitary landfills. •
(w) Hazardous waste storage area - A hazardous waste storage area shall 

be provided. A sign should properly identify this area.
(y) Demolition waste area - 'If provided, the demolition waste area shall 

be maintained in an acceptable mzmner.
(z) Monthly operational reports - Operational reports shall be submitted 

to the Agency monthly.
Water monitoring reports - Water monitoring reports shall be submitted 
to the Agency on a quarterly basis or as specified,

(aa)(i) Final cover of terminated areas - Two feet of cover applied to 
completed areas within one month. Final cover graded to minimum 2% 
slope.

(ii) Vegetation on terminated areas - Suitable vegetation shall be 
maintained on terminated areas.

Violation(s) of special permit conditions - List and describe violation(s) 
of special conditions of the site permit.

Note whe .her pictures were taken and describe what'picture represents.

Forward the original.report to the Section Chief, Section of Enforcement, 
Solid Division, 1935 West County Road B2, Roseville MN 55113,
one ccOjJ^ ifci the:. MPCA rer...on?l o.ficG, on-j copy io the facility permittee 
and one to the county solid waste officer.
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METROPOLITAN WASTE CONTROL COMMISSIun 

350 Metro Square Building, Saint Paul, Minnesota 551^1
222-8423 6i. ll/

MEMORANDUM August 31, 1979

SUBJECT: APPROVAL OF PLANS AND SPECIFICATIONS AND AUTHORIZATION TO 
ADVERTISE FOR BIDS, METROPOLITAN WWTP ASH DISPOSAL PROJECT

The Metropolitan Wastewater Treatment Plant produces approximately 75,000 
cubic yards of ash each year as a by-product of sludge incineration. The 
ash is sluiced to three settling basins for temporary storage. It is 
anticipated the basins will be completely full within 7-8 months.
Previously we disposed of the ash at the old St. Paul Landfill which is 
adjacent to the Metropolitan WWTP, The land is owned by the St. Paul Port 
Authority and the Milwaukee Railroad. The two parties have allowed utilization 
of the old landfill because large sections had inadequate amounts of 
cover material.

-ThHre~ts^fficient land at the old landfill to deposit an additional 
100,000 yarb§ of ash. The ash will be utilized as a final cover over the 
TdliUftn,—The area will be graded and sloped, to channel runoff away from 

landfill. This diminishes leachate potential from both the ash and 
existing refuse. The area will also be covered with top soil and seeded.
Plans and Specifications have been prepared by the staff, 
is estimated to be $400,000.
RECOWiENDATION

The project cost

It is recommended that the Commission approve the Plans and Specifications 
for the Metropolitan WWTP Ash Disposal project and authorize the Chairman 
and Chief Administrator to advertise for bids contingent upon approvals from 
the Metropolitan Council and the Minnesota Pollution Control Agency.
FUNDING AUTHORIZATION
1979 Program Budget, Program 039, Amount Provided $13,926,767, Amount 
Unencumbered $7,670,461, Amount of This Request $400,000.

Reviewed by:

Anthony Cr-SnerAnthony cSsn^rre 
Deputy Chief Administrator

BJH:WGM:nc

Prepared by:

/

/ A. ' K. li •/, i >■'- . U.,,

bernard J. Harrington ^ 
Director of Engineering

SEP 2 11979
MINN. POLLUTION 
CONTROL AGENCY
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METROPOLITAN WASTE CONTROL COMMISSI 
350 Metro Square Building, Saint Paul, Minnesota 55101

222-8423

0 N

RESOLUTION NO. 79-270

APPROVAL OF PLANS AND SPECIFICATIONS 
AND AUTHORIZATION TO ADVERTISE FOR 
BIDS, METROPOLITAN WWTP ASH DISPOSAL 
PROJECT

BE IT RESOLVED, That the Metropolitan Waste Control Cormission hereby 
approves the plans and specifications for the Metropolitan WWTP Ash 
Disposal Project and authorizes the Chairman and Chief Administrator 
to advertise for bids. Funds are provided in the 1979 Budget, Program 
039, in the Amount of $400,000.

Adopted this 18th day of-September, 1979
MET’ROPOLITAN WASTE CONTROL COMMISSION

SaTTsDUry Adams, Chairman Richard J. Dougherty, Chief Administrator

RJD:WGM:nc

1010178
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METROPOLITAN COUNCIL 
Suite 300 Metro Square Building, Saint Paul, Minnesota 55101

Ma r ch 3, 19 8 0 ^

MEMORANDUM

TO; Solid and Hazardous Waste Management Advisory Committee

FROM: Environmental Planning Division Staff
(Paul Smith and Carl Schenk)

SUBJECT: Proposed Disposal of Ash from the Metropolitan
Wastewater Treatment Plant near Pig's Eye Lake,
St. Paul

Metropolitan Council District No. 3 
Metropolitan Council Referral File Number 8093-1 
and File Number 8093-2

I. INTRODUCTION

The referenced project was submitted to the Council by the 
Minnesota Pollution Control Agency and Environmental Quality 
Board for review under the requirements of Minnesota statutes 
which require Council approval of solid waste disposal 
facilities before the Minnesota Pollution Control Agency (MPCA) 
can issue a permit for such a facility and under the Mississippi 
River Critical Area designation and Interim Development 
Regulations respectively.

Two types of action are required of the Physical Development 
Committee: 1. the approval or denial of the application for a
solid waste permit for this project and 2. a finding of 
consistency with Mississippi River Corridor Critical Area 
Interim Development Regulations and a recommendation to the EQB 
on the appropriateness of this project.

II. AUTHORITY FOR REVIEW

Under state law (Minnesota Statutes 473.823, Subdivision 3) the 
Metropolitan Council must review and approve solid waste 
disposal facilities for consistency with the Solid Waste 
Management Chapter of the Metropolitan Development Guide before 
the Pollution Control Agency can issue a permit for such a 
facility.

The Governor's Executive Order Number 79-19 designating the 
Mississippi River Corridor as a state Critical Area requires 
that the Council review certain proposed developments and make a 
recommendation to the Environmental Quality Board. The
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Executive Order and Council procedures allow the Council to hold 
a public hearing on proposed developments referred to it for 
Critical Area review. The Metropolitan Council is then to 
forward its final recommendations to the Environmental Quality 
Board v;ithin 30 days of the closing of the pu'^lic hearing.

The proposed Pig's Eye Ash Disposal Project is subject to 
Critical Area review because it is a governmental development, 
since it is being proposed by the Metropolitan Waste Control 
Commission (MWCC) and it involves the alteration of the 
floodplain.

III. PROPOSED PROJECT DESCRIPTION

The Metropolitan Waste Control Commission proposes to empty two 
(Basins 1 and 2) of the three ash lagoons at the Metropolitan 
(Pig's Eye) Wastewater Treatment Plant and dispose of the ashes 
on the former St. Paul landfill site. The ash is a product of 
the sludge incineration process at the treatment plant. (The 
Metro Plant currently produces about 75,000 cubic yards of ash 
per year.) The ash materials are sluiced from the plant into 
the lagoons where the solids settle out of suspension and the 
liquids are discharged into Pig's Eye Lake. (Figure 1) Two of 
the three lagoons havebeen filled. In order for the system to 
function properly and to prevent violations of the state NPDES 
permit these lagoons must be emptied.
Approximately 100,000 cubic yards of ash material at an 
estimated cost of $300,000 will be removed from two of the 
basins and spread on a sixteen acre area on the former city 
landfill site to a depth of one to four feet depending on the 
site conditions. In addition six inches of soil will be 
provided to cover the ashes, and the area will be seeded. _Daily 
Qover will ..be required if ash is deposited at the site under non- 
freezing conditions. Daily cover will consist of six inches of 
soil. The area will be sloped to facilitate runoff towards 
Pig's Eye Lake to the south. Battle Creek flows along the west 
side of the site.

\ The proposed disposal area covers or includes a portion of a .
V^similar ash disposal site approved by the Metropolitan Council 

and MPCA in late 1977. During December, 1977 and January, 1978 
two basins v;ere emptied and approximately 136,000 cubic yards of 
ash were spread over 31 acres of the former landfill. Six 
inches of topsoil were applied and the area seeded. See Figures 
1 and 2.

The land is presently owned by the St. Paul Port Authority but 
it will be transferred to the city shortly for development as 
part of Pig's Eye Regional Park. The Metropolitan Waste Control 
Commission has applied to the City of St. Paul for n conditional 
use permit for this project. The City Planning Commission v;ill 
hold a hearing on this matter on March 6.

IV Project Review

There are several potential issues regarding the consistency of

'^'^020062
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the proposed development with the Solid VJaste Management Chapter 
of the Metropolitan Development Guide and the Mississippi River 
Critical Area designation. These issues are as follows;

o The first issue relates to the consistency of the proposed 
development with the Solid Waste Management Chapter.

o The Metropolitan Council and EQB recently reviewed St.
Paul's Critical Area plan and regulations for the entire 
river corridor including the Pig's Eye Lake area. The 
second issue to be addressed is the consistency of this 
project with the City's plan for the end use of the Pig's 
Eye La'ice area.

o The proposed development is located in the floodplain near 
Battle Creek and Pig's Eye Lake. The third issue concerns 
the potential for degradation of surface and groundwaters in 
the area.

o The Metropolitan Council in its review and approval of the 
previous ash disposal development on the former city 
landfill area recommended that the MWCC analyze alternative 
uses and methods for disposing of ash materials for the 
period to 1981. The third issue concerns the availability 
of alternatives to the proposed development and their 
environmental and economic implications.

A. Consistency With Solid Waste Guide Chapter

There are several issues regarding the consistency of the 
proposed project with the Solid V7aste Management chapter of the 
Metropolitan Development Guide. These issues are as follows:

o The facility's location is based on information v/hich 
establishes that the waste and its constituents may be 
assimilated by .the disposal environment without 
degrading the quality of the off-site environment.

o A sound environmental monitoring program is conducted 
at the site.

o The determination that other waste management practices 
and locations are not feasible.

o Compatibility of the proposed project with county and 
municipal solid waste and land use plans.

1. The proposed ash disposal site is located on the abandoned 
St. Paul (Pig's Eye) Landfill north of the Pig's Eye Lake and 
adjacent to the Metro Waste Treatment Plant- This landfill was 
operated by the City of St. Paul from about 1956 to 1971. 
Residential, commercial, and industrial refuse v;as deposited in 
the landfill. Industrial chemicals in liquid and containerized 
drums were also put in the landfill. In November 197,7, a .solid 
waste permit was issued by the MPCA allov;ing the MWCC to' spread

05$
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sludge incinerator ash over a portion of the abandoned land­
fill. The proposed project is a horizontal extension of the 
area covered under the 1977 permit. (See Figure 2.)

The proposed ash disposal site is located on an alluvial bar on 
the east side of the Mississippi River flood plain. The 
alluvial bar has been submerged several times in the past and 
the area has alternated between alluvial bar and marsh at least 
four times. The landfill area is completely surrounded by 
bodies of surface water and ground water levels are directly 
influenced by changes in the stage of these adjacent bodies. 
Since the Mississippi River flows south, the overall movement of 
ground water beneath the site is also to the south. On a 
smaller scale, however, the orientation and permeability of the 
underlying sediments causes considerable variance from this 
general southward flow.

The chemical characteristics of the sludge incinerator ash that 
was previously deposited on the landfill site are,shown in Table 
1. The ash has a high pH due to conditioning of the wastewater 
sludge prior to dewatering and subsequent incineration.. This 
also increases the calcium and iron concentrations in the ash.

A leachate test was run by the MWCC on the ash in the ponds on 
June 8, 1977 prior to the previous ash. disposal. The results of 
this test are presented in Table 2 along with Minnesota 
Department of Health (MnDOH) drinking v;ater standards. MPCA 
reviewed the test results and stated that the metals in the ash 
were relatively insoluble and should not migrate from the 
deposited ash.

Data on the average ground water quality under the abandoned 
landfill prior to the previous ash disposal is presented in 
Table 3. Comparison of this quality with the MnDOH and U.S. ERA 
drinking water standards, also contained in Table 3, shov;s that 
the ground water did not meet drinking v;ater standards. The 
ground v;ater quality was very close to the limitations for most 
of the metals, such as cadmium , chromium, and lead. Values for 
iron and ammonia exceeded the standards or recommendations. .In 
addition, the ground v.’ater contained a high concentration of 
organic compounds, as evidenced by the'large chemical oxygen 
demand.

A summary of the apparent changes in ground water quality after 
the previous disposal of ash at the site are shov7n in Table 4.
As shown in Table 4, there was no apparent change in the 
concentrations of cadmium, total chromium, and chromium (VI) in 
the water from wells 101, 102, 104 and 106 (see figure 2 for 
location of.welis). The concentration of copper in the v/ater 
from these wells did not appear to change, except in well 101. 
The copper concentration rose slightly, but was still below the 
drinking water standard of 1.0 mg/1. r

The mercury concentration varied in the water from the four 
v/ells, but v.’as generally below the recommended drinking water 
standard of 2.0 parts per billion, 'prater from well 101, which

i020058
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Table 1
CHEMICAL CHARACTERISTICS OF METRO PLANT 

SLUDGE INCINERATOR ASH

015S1

Parameter Concentration
October 1977* November 1977

(mg/kg) (mg/ kg)

Ag — 77

Al — 29,700

Ba — 166

Ca — 242.000

Cd 47 50

Co — 20

Total Cr 2.824 1,180

Cu 2,170 1,820

Fe — 15,100

Hg 0.11 Negligible

Mg — 12,600

Mn — 233

Ni 533 96

Pb 571 60

Zn 2,548 1,070

pH — 10.75

a Grab sample of ash collected and 
analyzed by the MWCC.

b Grab sample from ash lagoon 
collected and analyzed by CH2M HILL.

1020057
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Table 2
ASH LEACHATE TEST RESULTS

Parameter Water Elutant
First 200 ml Last 200 ml

(mg/I) (mg/I)

Acid Elutant
First 200 ml Last 200 ml

(mg/ I) (mg/ I)

Cd 0.01 0.01 0.05 0.10

Total Cr 6.30 1.05 3.90 4.05

Cu 0.85 0.05 0.71 2.20

Hg 0.6^ 0.2^^

O
C

D

d 0.2'"

Ni 0.09 0.05 0.34 0.91

Pb 0.06 0.05 0.54 1.16

2n 0.03 0.02 0.06 2.82

pH 9.45 10.85 — —

a Class A Standards, 
b Standard for Cr (VI) is 0.05 mg/I.
c Concentration in ppb. 
d Standard for Surface Water Quality.

Source; MWCC; average of results from 
tests on 6/3. 6/16, and 6/29/77.

MnDOH
Drinking
Water

Standards*
(mg/I)

0.01

0.05

5
6.5-8.5'^

1^20056
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Table 3
AVERAGE GROUNDWATER CHARACTERISTICS PRIOR TO ASH DISPOSAL

Parameter Value 
(mg/ I)

MnDOH 
Drinking Water 

Standards” 
(mg/I)

Cd

Cn

Cr

Cu

Fe

Hg*

Mn

Ni

Pb

Zn

pH

COD

BOD

ALKALINITY

TKN

NHj-N

NOa-N

0.02

0.009

0.05

0.02

0.33

0.5

0.67

0.07

0.05

0.13

7.7

267

16

1338

135

132

0.75

0.01

0,01

1.0

0.3

0.05

0.05

5

6.5-8.5

a Concentration in ppb. 
b Class A Standards.
Source; MWCC; average results from sampling

on 6/16/77 and 6/28/77 at wells 104 through 108.
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TABLE 4
APPARENT GROUND WATER QUALITY CHANGES FOLLOWING ASH DISPOSAL

PARAMETER WELL 101 WELL 102 WELL 104 WELL 106

Cd NO APPARENT NO APPARENT NO APPARENT NO APPARENT
CHANGE CHANGE CHANGE CHANGE

TOTAL Cr NO APPARENT NO APPARENT NO APPARENT NO APPARENT
CHANGE CHANGE change CHANGE

Cr (VI) NO APPARENT NO APPARENT NO APPARENT NO APPARENT
CHANGE CHANGE CHANGE CHANGE

Cu VARIES SLIGHTLY. NO APPARENT NO APPARENT NO APPARENT
BUT BELOW
DRINKING WATER 
STANDARD (1.0 mg/I)'

CHANGE CHANGE CHANGE

Hg VARIABLE INCREASE INCREASES FOR VARIABLE. BUT VARIABLE. BUT
AND DECREASE. TWO samples. GENERALLY BELOW BELOW RECOMMENDED
BUT BELOW BUT THEN DECREASES RECOMMENDED DRINKING WATER
RECOMMENDED
DRINKING WATER 
STANDARD (2.0 mg/l)‘>

BELOW RECOMMENDED 
DRINKING WATER 
STANDARD (2.0 mg/l)®

DRINKING WATER
STANDARD (2 0 mg/I)'’

STANDARD (2.0 mg l)'’

Ni SLIGHT INCREASE NO APPARENT NO APPARENT NO APPARENT
AND THEN DECREASES;
NO DRINKING
WATER STANDARD

CHANGE CHANGE CHANGE

Pb AT DRINKING SLIGHT AT DRINKING AT DRINKING WATER
WATER STANDARD
INITIALLY (0 05 mg/I);' 
INCREASES, BUT
THEN DECREASES

VARIABILITY WATER STANDARD
INITIALLY (005 mg'l)*
AND VARIES
PERIODICALLY
ABOVE THIS
LEVEL

STANDARD INITIALLY 
(0.05 me; ')■'AND
VARIES periodically 
ABOVE this
LEVEL

Zn INCREASES. BUT VARIABLE. INCREASES TO INCREASES TO
LEVELS OFF BUT INCREASES A LEVEL OF A LEVEL OF
BELOW DRINKING
water standard
(5 mg/I)'

SLIGHTLY TO
A LEVEL
BELOW 0.2 mg/1

ABOUT 0 5 mg/I,
WHICH IS
BELOW DRINKING
WATER STANDARD 
(5 mg'l)'

ABOUT 7 mg.'l

alkalinity INCREASES. BUT INCREASES. BUT INCREASES, BUT INCREASES
THEN STARTS TO THEN STARTS THEN STARTS TO A CONSTANT
DECREASE TO DECREASE TO DECREASE — LEVEL

pH VARIABLE. BUT DECREASE FROM DECREASE DECREASE FROM
DECREASES FROM ABOUT 8.0 TO FROM ABOUT ABOUT 7
ABOUT 8.0 TO
6.5

6.9 7.7 TO 6 7 TO 6.7

MnDOH Class A Drinking Water Standards.
Water Quality Standards for Drinking Water (Ref. 13).

1020054
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is up-gradient of the ash disposal site, showed the only 
apparent change in nickel concentration. However, there is no 
drinking water standard for nickel.

The lead concentration in the ground water was at the (irinking 
water standard prior to ash disposal and varied above this 
level after the ash disposal in all four wells. It must be 
noted that this increase in lead concentration occurs in well 
101, which is up-gradient of the ash disposal site and well 
106, where leachate from the ash should not have migrated to 
this well within the time period since the ash disposal. This 
apparent change in the water quality from the four wells also oc­
curred with the zinc concentration. Water from wells 101 and 
106, neither of which should be affected by the ash, showed 
greater increases in zinc concentrations than did water from 
wells 102 and 104.

Assuming that the monitoring well's samples were representative 
of the ground water and the wells were properly placed in the 
leachate plume from the ash, the increase in the concentrations 
of metals in wells 101 and 106 suggests that the apparent 
ground water quality changes could be from a different source 
than the ash. Given the complex nature of the soil and 
landfill system and the interacting factors, it would be 
difficult to determine what is the exact mechanism and cause of 
the indicated ground water quality changes, but a few pos­
sibilities are briefly discussed.

The ground water monitoring data shows that the pH of the ground 
water is gradually decreasing. The lowering of pH could result 
in the increase in the solubility of certain metal species that 
were already contained in the landfill. The decrease in pH 
appears to occur in well 101 before the other v;ells. Since well 
101 is up-gradient of the ash disposal site and is highly 
influenced by water in Battle Creek, suggests that acidity could 
be flowing into the ash area and due to another source than the 
ash. This water would be from surface runoff from areas north 
of the landfill, such as the railroad yard, (see Figure 1).
This surface runoff could contain acidic materials or various 
metals that were measured in the ground water.

The decrease in pH could also be the result of increased 
biological activity in the landfill due to fluctuating ground 
v/ater levels. It should be noted that the ash has a high lime 
content, v;hich would Jdecrease\ the oH of leachate percolating 
through the ash. U ^ ------------------ ----------------

The pH of the distilled water that v/as passed through the ash in 
the leachate test described earlier, was raised to 10.85 (Table 
2). The addition of the ash to the top of the landfill should, 
therefore, have reduced the mobility of metals originating from 
the landfill. This could be a possible explanation for the 
lower apparent changes in zinc concentrations in water from 
wells 102 and 104, compared to wells 101 or 106. However, the 
pH in all four wells appears to decrease about the same extent;.

i 1020053
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Another possible source of the indicated ground water quality 
change is fluctuating ground water levels resulting in oxidation- 
reduction reactions that could increase the mobility of various 
metals. Also, since the abandoned landfill contains industri 1 
wastes, chemicals could be originating from this source-.

In summary, the increase in certain metals concentrations in 
wells that should not have been impacted by the ash (wells 101 
and 106), suggests that the indicated water quality changes 
could be due to a source other than the ash. In addition, the 
magnitude of the apparent change in ground water quality is 
probably of reduced importance considering that the ground water 
quality did not meet drinking v;ater standards prior to ash 
disposal. The mercury and zinc concentrations in water from the 
wells appear to increase, but generlly stay below even the_ 
recommended drinking water standards. Given that mercury is 
measured in the part per billion range, it is also possible that 
the variations in mercury concentration is due to analytical 
variations.

The location of the proposed ash disposal project and the 
capacity of this disposal environment to assimilate waste 
v;ithout degrading the quality of the off-site environment is 
consistent with Solid Waste Guide chapter policies.

2. The environmental monitoring program conducted at the 
landfill appears adequate to properly evaluate contaminants 
migrating from the site. Currently, the MWCC monitors ground 
water levels and quality from four wells in the ash disposal 
site (wells 101, 102, 104 and 105). The location of these wells 
are shown in figure 2. In addition, some historical ground 
water levels and quality data have been available from wells 
established by the Soil Exploration Company during 
investigations for a proposed coal handling facility.

Presently, wells 101, 102, 104 and 106 are sampled quarterly for 
pH, alkalinity, mercury, cadmium, zinc, lead, nickel, copper, 
total chromium, ammonia and hexavalent chromium. The test 
results from these samples are evaluated by the MPCA~

3. Alternatives to the proposed project are discussed later in 
this report.

4. The proposed ash disposal project is consistent with local 
solid waste and land use plans affected by the project. Ramsey 
County is currently in the process of preparing its solid waste 
master plan. The proposed ash disposal project does not 
preclude or adversely affect solid waste policy decisions that 
will be made in the future concerning preparation of the 
county's master plan.

B. Consistency with St. Paul Critical Area Plan

A - 1020052
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Under the Critical Area designation the Pig's Eye Lake Area has 
been designated as an Urban Open Space District to consc've and 
protect the existing and potential recreational, scenic, natural 
and historic resources and uses for the use and emjoymeJit of the 
surrounding region. The requirements for this district and the 
Critical Area Interim Development Regulations apply to all 
proposed developments until the City of St. Paul adopts plans 
and regulations which have been approved by the EQB. Also the 
Executive Order sets a specific standard for the Pig's Eye Area 
which states "The City of St. Paul shall prepare plans and 
regulations to balance open space, industrial and commercial 
developments

According to the proposed St. Paul Critical Area Plan which the 
Metropolitan Council reviewed in January, 1980, the ash disposal 
site will be located within the boundaries of the Pig's Eye 
regional park. See Figure 3. The City of St. Paul has not as 
yet taken any official action on the proposed ash disposal. The 
City Planning Commission will be reviewing the proposed local 
conditional use permits for the ash disposal at its meeting and 
public hearing on March 6. The results of that meeting v/ill be 
made available to the Physical Development Committee for its 
hearing on March 13, 1980. The city planning staff has 
indicated informally that there does not appear to be any 
significant concerns about the ash disposal as of this date. At 
the time of the previous permit the city expressed some concern 
about the capability of the ash fill and cover to support plant 
material and particularly the eventual re-establishment of trees 
on the site. At that time the city felt that the underlying 
landfill materials would be a greater problem in attempting to 
establish trees. In the two years since the initial ash 
disposal the seeding of the site has resulted in the development 
of a dense growth of grasses and other vegetation.

Ramsey County has been designated in the Regional Recreation 
Open Space Plan as the implementing agency for the Pig's Eye 
Regional Park. Copies of the proposed ash disposal 
project were submitted to the Ramsey County Parks and Open Space 
department staff for their review. The staff has indicated 
informally that they have no major concerns about the impact of 
the proposed project on the regional park.

Based on the comments of the Ramsey County Parks and Open Space 
and St. Paul city planning staff the proposed project v;ould have 
minimal effect on the proposed regional park and the city's 
Critical Araea plan for the area.

C. Potential Degradation of Surface Waters

The potential impact on ground water quality has been discussed 
thoroughly under the section "Consistency with Solid Waste 
Management Chapter." This short section will focus on the

1P2005I
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floodplain location of the disposal site and examine the 
potential impacts of runoff on surface waters in the area, 
Battle Creek and Pig's Eye Lake.

i. e.

Under the Critical Area designation lands and water in U:he Urban 
Open Space district are to be "managed to conserve and protect 
the existing and potential recreational, scenic, natural and 
historic resources ..." The Interim Development Regulations set 
specific requirements for grading and filling in all districts 
to protect surface waters from sedimentation.

The proposed site is located in the flood fringe area of the 
designated floodplain. The 100-year flood level is at an 
elevation of 705 feet above sea level at this location. The 
completed elevation of the disposal site will range from 702 to 
708 feet above sea level. A portion of the completed site could 
be "inundated" during flood periods. During the public hearing 
and review of the previous ash disposal project the DNR staff 
testified that there would be insignificant flood water 
velocities at the site during flood levels. The conclusion at 
that time was that if the site were covered with clayey soils 
and a vegetative cover were established as soon as possible, the 
project would not present serious floodplain management 
concerns. The current ash disposal project is in the same 
general floodplain location, and the Metropolitan Waste Control 
Commission has indicated that six inches of top soil will be 
applied and the area will be seeded as soon as final grading is 
completed to minimize future erosion problems. Daily cover will 
be applied if the ash is spread during non-freezing conditions. 
Daily compaction of the cover materials will further minimize 
the erosion potential. Also, MPCA regulations require that 
surface runoff be managed to minimize erosion at all landfill 
sites.

State and local permitting agencies should be assured that 
adequate measures are utilized to minimize the erosion of the 
cover materials and ash during and following completion of the 
project. A permit for grading and filling is required under 
the Critical Area Interim Development Regulations. Specific . 
standards for erosion control are to be met in granting the 
permit.

D. Alternatives to the Proposed Action

Along with its approval of the initial ash disposal project in 
1977 the Metropolitan Council recommended that "the MVJCC analyze 
daily alternative uses and methods for disposing of ash 
materials for the period to 1981 and their environmental and 
economic impacts." It v/as assumed that the improved faci^ties 
at the Metro Plant would be completed by 1981 and the lagoons 
would no longer be needed. During the interim period the 
Metropolitan Waste Control Commission has been examining various 
immediate solutions to the disposal of the ash particularly 
until implementation of a long-term management system can be

1020049
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achieved. In May 1977 the Commission authorzed the preparation 
of a residuals management study as part of its 201 facilities 
planning effort. The study included an analysis of and 
recommendation for interim systems to cover that period before 
1982 when a long-term residuals management system would be 
implemented. Ine results of that study were published In the 
report Residual Solids Management Study ^ Analysis of Immediate 
Needs May, 1978.

The residuals management study concluded that for the immediate 
future landfilling is the only method with any assurance of 
reliability and implementation. At present there is no 
dependable alternative use on a large scale. Possible use of 
incinerators are being investigated as part of a long-term 
management plan. The other aternatives considered in the study 
included expansion of thhe previous ash disposal site on the 
former St. Paul landfill, expanding the volume of the temporary 
storage basins at the Metro Plant, and commercial landfilling. 
The ash would be confined in a separate area of the landfill or 
used as a base cover prior to the placement of top soil and 
seeding similar to the current project. The study recommended 
that the former landfill site be used to dispose of ash from one 
basin to allow the MWCC time to implement an alternative system, 
for the immediate needs period to 1982 using either of the two 
latter methods.

The MWCC staff has indicated that the agency will apply for 
permits in the near future to expand the capacity of the 
temporary storage basins. There will then be adequate basin 
capacity to temporarily store the ash until 1983. The staff 
estimates that by 1983 the MWCC will have selected and have in 
operation a site for a separate landfill to meet the long term 
needs for ash disposal. Commercial landfills have not been 
available for ash disposal for several years due to MPCA 
regulations which prohibit the ash from being mixed with other 
solid wastes in a common area. This is based on a concern that 
the acidic conditions in other solid wastes would permit the 
metals in the ash to go into solution and leach into the ground 
water. The MWCC staff indicates that landfill operators have 
refused to landfill the ash separately. Because of“the lack of 
alternative uses and other methods such as temporary storage 
space for disposing of the ash at this time, the disposal of the 
ash on the former St. Paul landfill appears to be the only 
viable solution at this time.

V. Conclusions-

1. The proposed project is consistent with the Metropolitan 
Council's Solid Waste chapter of the Metropolitan 
Development Guide.

2. The proposed project is consistent with the City of St. 
Paul's Critical Area plan for the Pig's Eye Area and the 
proposed Pig's Eye regional park.

■^020048
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3. The proposed project is consistent with the requirements of 
the Critical Area Urban Open Space district for development 
in the Pig's Eye area. The project and proposed measures 
will protect the waters and lands in this district.^

4. The project is consistent with local and state floodplain 
management standards requirements.

5. The measures required by the MPCA and Critical Area Interim 
Development Regulations v/ill prevent erosion of the ashes 
and soil cover. The Interim Development Regulations 
require that specific erosion control standards be met in 
order to secure a grading and filling permit.

6. There are currently no viable alternative uses or sites for 
the immediate disposal of the incinerator ash. The KWCC is 
presently studying a long-term disposal plan for the ash to 
be implemented by 1983.

VI. Recommendations

1. That Metropolitan Council approve the Metropolitan Waste 
Control Commission's solid waste permit application to the 
Minnesota Pollution Control Agency for the disposal of 
incinerator ash in the Pig's Eye Lake area on the site of 
the former St. Paul landfill.

2. That Metropolitan Council recommends to the ECB that the 
proposed disposal of incinerator ash in the Pig's Eye Lake 
area on the former St. Paul landfill be found consistent 
with Critical Area requirements for development in the Urban 
Open Space district.

3. That the solid waste permit issued by the MPCA for the 
proposed incinerator ash disposal project be conditioned to 
provide for the daily application and compaction of 6" of 
cover material to the working area of ash disposal and 
seeding of the project area upon completion of the final 
grading.

CH749A
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DOCUMENTS RELATING TO:

THE SHAFER CONSTRUCTION COMPANY (EXHIBIT C.3)



DEPARTMENT OF THE ARMY 
ST. PAUL DISTRICT. CORPS OF ENGINEERS 
1135 u. S. POST OFFICE ft CUSTOM HOUSE 

ST. PAUL. MINNESOTA 55101

REPLY TO 
ATTENTfON OF:

NCSCO-GRC77-143-27) 11 January 1978

Mr. Louis Flynn
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, Minnesota 55112

Dear Mr. Flynn:

An investigation conducted by the Corps of Engineers has revealed that 
Shafer Construction Co. of Forest Lake, Minnesota, while working under 
a contract with the Metropolitan Waate Control Commission, placed fill 
for a haul road in a wetland adjacent to Pigs Eye Lake in Section 10, 
Township 28 North, Range 22 West in Ramsey County, Minnesota.

No Department of the Army permit has been issued to the Metropolitan 
Waste Control Commission authorizing placement of fill material in wet­
lands adjacent to Pigs Eye Lake. The said activity is in violation of 
Section 301 of the Federal Water Pollution Control Act Amendments of 
1972.

In order to assure that a thorough public interest review of this 
matter is conducted and to promote to the most practicable extent the 
consistent application of Federal, State and local regulatory guide­
lines, we request that your office forward comments it may have rela­
tive to the unauthorized activity.

We would appreciate your comments specifically addressing such considera­
tions as follow:

a. Impacts and significance of the unauthorized activity;
b. Authorization or approval, if any, previously granted by 

your agency;
c. Desirability or feasibility of restoration;
d. Applicability of interim protective measures;
e. Applicability of criminal or civil sanctions;
f. Desirability of accepting an after-the-fact permit 

application.

■*010058
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It should be noted that a combination of these remedies is generally 
available and that restoration and/or criminal and civil sanctions are 
available if an after-the-fact permit is denied. Also, if restoration 
or interim protective measures are recommended, we request that the 
nature and extent of the remedial measures be specified.

Since the work, is of a nature where delay in our handling of this case 
could be prejudicial, we request your comments within thirty (30) days 
from the date of this letter. If a response is not received by that 
time, we will assume you wish to make no comments.

Should you have questions in this matter, please contact this office 
at the above address or call Richard Howard at (612) 725-7976.

Sincerely,

WILLIAM D. PARSONS
Chief, General Regulatory Branch
Construction-Operations Division

^010057
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DOCUMENTS RELATING TO:
THE ST. PAUL HATER DEPARTMENT (EXHIBIT C.4)



V. T\c +; /

/

June 16* 1978

wmiin] Mtulssen 
St. Paul Water Department 
277 North Hamline Avenue 
St. Paul . MN 55104
Dear Mr. Meuissen:
As discussed during our telephone conversation of June 15, 
1978, It has come to the attention of this office that 
refuse has been excavated from the abandoned Pig's Eye 
landfill and placed In a wetland located east of the tree 
chipping facility at Piq's Eye.
As you are aware, the United States Corps of Engineers is 
requiring removal of this material from the wetland.
Please be advised that the Pig's Eye landfill has been 
certified closed by this office. Therefore, excavated 
refuse cannot be disposed of at the landfill unless a permit 
therefor Is Issued by the Agency. Since It Is unlikely that 
Agency staff would recommend permit Issuance for such a pro­
ject to the Agency board. It would appear that hauling the 
refuse to an Agency permitted solid waste disposal facility 
Is the only feasible method for disposal of this material.

Thank you for your cooperation on this matter.
Yours very truly.

DAC:nw
bcc: TPC, BWB, LLD

Rich Howard, Copps of Engineers
Mike Mueller, MDNR
Dan Schacht, Ramsey Co. SWO

Daniel A. Comeau 
Soil Scientist 
Permits Section 
Division of Solid Waste

296-7324 108
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DOCUMENTS RELATING TO:

IffllRLPOOL CORPORATION (EXHIBIT C.5)
SELBY DISTRICT COMMERCIAL _______ (EXHIBIT C.6)

RAMSEY COUNTY RECREATION DEPARTMENT (EXHIBIT C.7) 
PHALLEN AREA COMMERCIAL COUNCIL (EXHIBIT C.8) 

EAST SIDE COMMUNITY (EXHIBIT C.9)
MADEL NEIGHBORHOOD BEAUTIFICATION (EXHIBIT C.IO) 

DAYTON'S BLUFF COMMUNITY CENTER (EXHIBIT C.ll)
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TO: Joe Crea

FROM: Kent Schonberger

OATS: October 13, 1971

SUBJECT: QUESTIONS RAISED RELATIVE TO WHIRLPOOL CORPORATION'S REFUSE MATERUL

Ed Hartung vho Is an engineer with the Whirlpool Corporation on Payne 
Avenue (phone 776>8511) called me on October 12, 1971 to state that the contractor 
who handles the waste disposal for Whirlpool had conveyed back to Mr. Hartung that 
there had been some questions raised at the landfill relative to the nature of 
the material which was being disposed of.

Mr. Hartung states that questions were raised by someone at the landfill 
as to the advisability or legality of disposing of what he calls "porcelain and 
paint sludge material". He says they dispose of no more than 15 to 20 barrels of 
such material on the basis of one to three months. He says these are not toxic 
materials and almost cosq>letely solid rather than liquid.

The porcelain material, he says. Is a totally Inert substance that is 
like a crushed or chipped glass material and has less than a 21 moisture factor. 
The paint sludge material, he says, Is actually the residue left after cleaning 
out the recycling pumps used for painting and, he says, there Is actually very 
little water In that. Since these are not flammable materials, nor are they toxic 
materials, he Is wondering why the question Is being raised about bringing this 
material to the landfill.

Since all I have to go on Is what he tells me, I would appreciate your 
looking Into this further and determining whether the amount of material, the 
nature of It, etc. Is as he says or Is different, and what your recommendations 
are with regard to the handling of It. If It Is as he says, I see no problem to 
it, but If It Is different, please let me know at your earliest convenience.

KS/em
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TO: EUGENE VERDICK

FROM: DONALD E. NTGAARD

DATE: FEBRUARY 27, 1973

SUBJECT: TRASH AND RUBBISH STREWN AROUND BtTRTWAT TO OLD PIG'S HE LANDFILL

I Bcntloncd thia to jou on th« radio Tuaadaj »oming, Fabruary 27tb, 
but I'll follov It up with a brlaf maaio. I notlcad this Bomlng that thara la 
a conaidarabla aaount of rubblah atrawn along tha aaat alda of tha roadway adjacant 
to tha gate at Pig'a Eya. Vary likely thia rubbiah haa been thera for aona tia« 
but, I axpact, bacauaa it ia thara peopla add to it froa tiaa to ti»a.

I'd like you to route a few compactor trucka down thera at tha end of 
the day over a period of two or three days to get the rubbish cleaned up, than, 
plaaaa post a "no dumping" sign at that location.

Thanks, Gena.

DEN/aa '0,'
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DOCUMENTS RELATING TOz

MINNESOTA MINING & MANUFACTURING (EXHIBIT C.12) 
HAUL-A-WAY SYSTEM (EXHIBIT C.13)

Mcknight bros. (exhibit c.14)
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MEMO

Fred E. Edlund, Supervisor 
Minnesota Mining & Manufacturing 
Pr 6-8811, Ext. 613U

Asked for permission to dump daily rubbish at Pigseye Landfill, that 

they have been hauling to private property off Highway #9U known as 

Harry McNealy Farm. Said there woxild be a total of 9 to 10 loads 

daily with about U coming from Chemolite Plant, or 20-2^ loads week­

ly. Loads to be delivered after 7:00 a.m. and before U:00 p.ra. dally 

except Sunday. I proposed charge of $300.00 per month, which was 

subsequently accepted as of April 1, I96I. (See copy of agreement
and Council permit dated I4-I-6I - ppyable monthly in advance. .

West St. Paul pays $100.00 per month for 20 yards per week, payable 

January 1 annually, bj*/advance^ agreement dated December 21, I960.

Haul-A-Way System (Dean Meredith) - $25.00 per month for 5 yards a 

week. Agreement dated October 20, I96I, p^able semi-annually in ad- 
vance^^^*--

McKnight Bros., So. St. Paul - $10.00 per month for U yards a week.



DOCUMENTS RELATING TO:

THE CHICAGO, MILWAUKEE, ST. PAUL 
& PACIFIC RAILROAD (EXHIBIT C.15)



THE DEPARTMENT OF PUBLIC WORKS
OF THE

CITY OF ST. PAUL

INTER-OFFICE COMMUNICATION

February 28, 1969 

FILE MEMORANDUM

RE: MILWAUKEE RAILROAD'S REFUSE AT PIG'S EYE LANDFILL

DEN spoke with Mr. Roy Johnson from the Milwaukee Railroad on 
Friday morning, February 28, 1969 concerning the Milwaukee Railroad's dump­
ing at the Pig's Eye Landfill.

Mr. Johnson stated that their truck had gone to the Pig's Eye 
this morning and that the attendants would not ^low them into the Landfill. 
This was a misunderstanding on our part in thaFTCent's memo had not yet 
arrived at the Landfill. I discussed the memo with Vern Tester and even 
though the Milwaukee Railroad is hauling some wood and timbers, etc., the 
Milwaukee people feel that they have a right to dump this at Pig's Eye. 
Rather than make a big issue over this, I told Vern Tester to allow them 
to go ahead and dump at the Pig's Eye. (l would appreciate it if Joe Crea 
at his convenience would get ahold of Mr. Johnson and probably work out 
some better understanding on this.)

Mr. Johnson also made a point of the fact the Twin CJJ:y,-Waste._^___
Disposal hauls some for the railroad, possibly 8 or 9 loads a(^^>|ir) and 
he feels that we should not charge for this stuff that is coming^rom the 
railroad. I told him that if they could put one of the Milwaukee Road's 
stickers on that particular truck so that our people could identify it, 
that we would then admit it free to the Pig's Eye Landfill. I talked to 
Vern Tester about this also and our people will go ahead on this basis.

I could tell in talking to Mr. Johnson that they are getting a 
little bit upset about this since it is their land, etc., and rather than 
make a big issue out of these things, I think it's best that we try to 
cooperate even though we have to do some things that don't conform exactly 
to our policy.

This is for file purposes.

DONALD E. NYGAARD
CIVIL ENGINEER III
MAINTENANCE SERVICES DEPARTMENT

DEN:em

cc: Joseph Crea
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TO: Joe Cree

FROM: Kent Schonberger

OKIE: February 27, 1969

SUBJECT: Further Infornetlon relative to MlIvMukee Railroad refuse being dunned
at Pig's Eye Landfill

Mr. Johnson fron the MIlMaukee Railroad called me on February 25, 1969, the 
same day that I received your memo with regard to the circumstances about which 
he wis asking.

i told Mr. Johnson, as confirmed In your note, that we could sea no reason 
for having hold ups or delays In connection with their trucks dumping at Pig's Eye 
and also that we would not have any objection to them bringing In some Itmdier, 
especially If this Is being deposited In areas which the Nllwaukae Railroad gave 
us for dump operations. . !

Insofar as bringing the location In at a gate or driveway off their property,
Mr. Johnson feels this Is not necessary Inasawch as they would come through the 
normal Pig's Eye access road. This way their own Identified truck would be coming 
In and I'm sure other than for record keeping purposes, you would let It In than 
without any charge for such dumping on the earlier stated basis of about four loads 
per day.

Mr. Johnson also told me that they often hire a private contractor, possibly 
Twin City Waste Disposal, to haul soma suterlal from an area further down toward 
their humping yards and that this amounts to about nine 17 yard compactor loads 
per month, or an average than of about one every second or third day. He told me 
that at the present time the firm hauling this apparently Is paying the entrance 
fee and In turn the Railroad Is being billed this amount and he asked whether or 
not an arrangement could be made for the Railroad to be rebated that money. I 
explained that any type of rebate would be an almost Impossible thing once the money 
was within the City financial umbrella, but that if we had some completely clear and 
positive means of identifying who was bringing the material and that only those loads 
«d)lch came from the Milwaukee Railroad would be allowed In, arrangements could likely 
be made between you, Mr. Johnson and the firm doing the hauling for a positive means 
of identification, perhaps by soeie special tickets, signed slips or the like, we 
would allow the private firm trucks hauling from the Milwaukee Yard properties only 
to come into Fig's Eye also via the normal roadways and gate at no charge. Mr. 
Johnson will look further Into this matter and be In further contact with you or mo. 
This for your Information. n

RS:ma
DEN
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TO: Jo« Crea

FROM: Kent Schonbergor

DATE: February 24, I969

SUBJECT: Dumping problems of the Milwaukee Railroad Yard adjacent to Pig's Eye

This office was contacted by Mr. Roy Johnson, Division Engineer for the 
Milwaukee Railroad, phone 339*4178, who stated that as mentioned In the letter 
of Dr. Cox about two months ago, there have been complaints by the Health Depart­
ment about the dumping operation done by the Milwaukee Railroad down In the vicin­
ity of their hump switch area because of the open debris and the tack of cover, 
as well as no permit existing for such dumping.

Mr. Johnson states that they wish to eliminate this dumping complaint and 
completely end any disposal of material from their so-called rubbish track In that 
area. Ha states their total debris Is about four small truck loads per day, which 
he estimates In the vicinity of 20 to 25 cubic yards total.

He says that >hls people have Informed him that there are two basic problems 
tdilch have tended to prevent them from doing their diaaplng within the Pig's Eye 
Landfill, for which It Is my understanding a gate or opening Is provided so that 
they can go directly Into the landfill without having to drive around to our normal 
access gate. He states that (I) their operating people have told him that when the 
trucks come to Pig's Eye, they have to wait a considerable length of time In line 
to dump and with only one truck, they do not have waiting tim. This seems somewhat 
unusual to me In the few times I have been down there there Is very little. If any, 
welt with most of the trucks I have observed; (2) he states that they have a certain 
amount of luni)er or timbers used In the doors of the boxcars and this lumber 
paaterlal has been objected to by some unknown parties, supposedly at Pig's Eye.

j

At your convenience could you let me know what the story Is on this waiting to 
dump situation, whether this Is anything of any consequence and If so. In view of 
their relatively small volume and the fact they are leasing some of this area to us, 
whether we could give them some priority to Insure no wait. Secondly, could you let 
me know whether this timber material has been any situation where our people have 
stopped them from dumping or whether the Railroad people are confusing this with 
dulling at possibly some other site which was prohibited by the Health Bureau or 
some other agency. Also, tdiether you think the proportion of small wood pallets or 
other lumber which they would bring In would be something which we should not permit 
or whether this meets the tenes of the present lease arrangements we have for Pig's
Eye.

D

-fro V ^0- .'iji' CN. u:;
7r^

j I
0

<r~:



01586

JM Croa - 2 - Fabruary 24» I969

I would appraclata your assaabling this Inforwatton as soon as convantant 
and furnishing this In a writtan fora, If at all posstbla, to Don or an and wa 
can arranga to contact Mr. Johnson onca wa hava your raply. Thank you.

K$:an
DEN
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EXHIBIT D

THE PLAN AND ORDER NOS. 809, 832 AND 866
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NOTICE OF PLAN APPROVAL AND COSHRMATION

To: Creditors and Stockholders of the Chicago, Milsvaukee, St. Paul and Pacific Railroad Company, 
Debtor, in Proceedings for Reorganization under Section 77 of the Bankruptcy Act.

On May 1, 1985 the Trustee of the property of the Chicago, Milwaukee, St. Paul and Pacific Railroad 
Company, Debtor, filed with the United States District Court for the Northern District of Illinois, Eastern 
Division (the "Court”) his 1985 Plan of Reorganization (the "Plan”) for the Debtor Hearings with respect 
to the confirmation and approval of the Plan were held by the Court on June 24, 25, 27, 1985 and on July 12, 
1985. On July 12, 1985, the Court entered its Order No. 832 modifying the Plan and confirming and 
approving the Plan as modified. The Plan as modified is attached to this Notice

Any inquiries with respect to the Plan as modified should be directed to the Trustee at the address 
indicated below.

By Direction of the Court

RICHARD B. OGILVIE 
Trustee of the Property of the 
Chicago, Milwaukee, St. Paul 
and Pacific Railroad Company,
Debtor
547 West Jackson Boulevard 
Suite 1510
Chicago, Illinois 60680-6205 
(312) 294-0480

ROBERT H. WHEELER 
Counsel to the Trustee 
ISHAM, LINCOLN & BEALE 
Three First National Plaza 
Suite 5200
Chicago, Illinois 60602 
(312) 358-7500

Dated: July 29. 1985
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IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF ILLINOIS 

EASTERN DIVISION

July 12, 1985

IN THE MATTER OF 
CHICAGO, MILWAUKEE, ST. PAUL 

AND PACIFIC RAILROAD COMPANY, 
DEBTOR

IN PROCEEDINGS FOR THE REORGANIZATION 
OF A RAILROAD

Docket No. 77 B 8999

The Honorable Thomas R. McMillen, Judge Presiding

TRUSTEE’S MODIFIED 1985 
PLAN OF REORGANIZATION 

(As Approved and Confirmed By Order 832)

Richard B. Ogilvie, Trustee 
547 West Jackson Boulevard 
Suite 1510 
P. O. Box 6205 
Chicago, Illinois 60680-6205
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I. DEHNITIONS

As used in this Plan of Reorganization with initial capitalization, the following words have the meanings 
set forth below, except where a different meaning is clearly indicated or required by the context:

1.1 “Allowable Claim" means a Claim which is ultimately determined by the Court to be properl>
payable out of the Estate under applicable law, including interest in the amount, if any, provided 
by the Plan or allowed by the Court.

1.2 “Anet Purcha$e Agreement" means the agreement between the Trustee and Soo dated April 6.
1984, as amended, which provided for the acquisition of the Debtor’s operating rail system by Soo

1.3 "Bankruptcy Act" means the Bankruptcy Act of 1898, as amended.

1.4 "Claim" means a claim against the Tnjstee in his capacity as Trustee, the Debtor or the Estate as
defined in Section 77(b) of the Bankruptcy Act (including claims arising under certificates issued 
pursuant to Section 77(c)(3) of the Bankruptcy Act and claims for fees and expenses under 
Sections 77(c)(2) and 77(c)(12) of the Bankruptcy Act), whether arising Post-Petition or Pre- 
Petition.

1.5 “Confirmation Date" means July 12, 1985.

1.6 “Contummation" means the carrying out of all acts and procedures contemplated by the Plan.
commencing with the Confirmation Date.

1.7 “Contummation Date" means the date fixed by order of the Court on which legal and beneficial
ownership of the Estate’s assets will be vested in the Reorganized Company.

1.8 "Court" means the United States District Court for the Northern District of Illinois, Eastern Division,
which has jurisdiction over the Debtor’s reorganization proceeding.

1.9 "Debenturet" means the Debtor’s 5% Income Debentures, Series A, due 2055, issued pursuant to an
indenture dated January 1, 1955 (“Indenture”).

“Debtor" means the Chicago, Milwaukee, St. Paul and Pacific Railroad Company, a Wisconsin 
corporation, which is in reorganization under Section 77 of the Bankruptcy Act, in the Court s 
Docket No, 77 B 8999.

1.10

1.11 “Diitribution Date" means a date fixed by the Tnrstee for distribution to claimants of a particular
class in accordance with Section 5.2 of the Plan.

1.12 “Ettate" means all of the Debtor’s assets, businesses and properties which are subject to the Court s
jurisdiction in this reorganization proceeding.

1.13 "Plan" means this 1985 modified plan of reorganization.

1.14 “Poit-Petition" means the period subsequent to the filing of the petition to reorganize the Debtor on
December 19, 1977 and prior to the Consummation Date.

1.15 “Pre-Petition" means the period before the filing of the petition to reorganize the Debtor on
December 19. 1977.

1.16 “Reorganized Company" means the Debtor, with appropriate amendments to its articles of
incorporation to change its corporate name, which will be vested with the assets of the Estate 
pursuant to the Plan on the Consummation Date.

1.17 “Segregated Account" means the escrow account described in Section 5 7 of this Plan established for
the purpose of securing payment of Allowable Claims after the Consummation Date.

1.18 “Soo” means collectively the Soo Line Railroad Company, a Minnesota corporation, and its affiliate
The Milwaukee Road Inc. (formerly SLRCO, Inc.), a Minnesota corporation.

1.19 “Truntee" means Stanley E. G. Hillman, qualified as Trustee on February 13, 1978, as succeeded b\
Richard B. Ogilvie on August 20, 1979, in their respective capacities as trustees of the property of 
the Debtor, and each duly-appointed successor.

1
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II. INTRODUCTION

On February 19, 1985, the Soo acquired pursuant to the Asset Purchase Agreement the Debtor’s 
operating rail properties for 5192,000,000 in cash and the assumption of approximately $395,000,000 in long­
term and other liabilities calculated on an Interstate Commerce Commission Accounting Basis. The cash 
portion of the purchase price is subject to certain retroactive adjustments which the Trustee estimates will not 
in the aggregate be material. The sale to the Soo represents the culmination of the disposition of the Debtor's 
operating railroad properties, other than approximately 85 miles of track and right of way situated in the 
Chicago, Illinois vicinity, which are operated by the Soo for freight service and the Northeast Illinois 
Regional Commuter Railroad Corporation for commuter service. The Trustee and the Debtor have no 
continuing obligations for the operation of any rail services. The proceeds realized by the Trustee from the 
sale to the Soo, coupled with assumption by the Soo of approximately $395,000,000 in obligations, has 
permitted the Trustee to propose this Plan, which if consummated will result in the discharge of the Debtor 
from reorganization after providing for the full payment in cash of all Allowable Claims. The Plan 
contemplates substantial completion of the reorganization proceedings by December 31, 1985.

2.1 History of the Proceeding

On December 19. 1977, after three yean of heavy losses, the Debtor, a Class I transcontinental railroad, 
filed its petition for reorganization under Section 77 of the Bankruptcy Act. At that time the Debtor operated 
a system of nearly 10,000 route miles in the Midwest and across the northern tier states to the Pacific 
Northwest. The petition was approved on December 20, 1977 and Stanley E. G. Hillman was appointed as 
Trustee on February 13, 1978. Mr. Hillman was succeeded as Tnistee by Richard B. Ogilvie on August 20, 
1979.

Subsequent to filing for reorganization, the Debtor continued to sustain heavy losses. In 1979 Mr. Ogilvie 
determined that the revitalization of the entire 10,000-mile system was not practical. Accordingly, in that 
year the Trustee, under the direction of the Court, instituted an aggressive program of abandoning 
unprofitable lines and restoring profitability to a 3,900-mile midwestem “core” system. The shedding of 
unprofitable lines, together with the intensive efforts of the Trustee and his staff to improve the railroad’s 
traffic base and reduce costs, resulted in the core system’s return to profitability in 1983.

Along with the abandonment and sale of unprofitable lines, the Trustee also pursued a program of selling 
other excess property. This program, which included the sale in 1981 of approximately 117,000 acres of 
timber properties owned by the Debtor’s subsidiary the Milwaukee Land Company, on very favorable terms 
to the Estate (approximately $178,000,000 in cash), substantially contributed to the viable restructuring of 
the Debtor’s rail system and the Trustee’s present ability to satisfy the Allowable Claims of all creditors.

In April of 1984, pursuant to Court authorization, the Trustee negotiated asset purchase agreements for 
the sale of the operating rail properties with two competing bidders, the Soo and Chicago and North Western 
Transportation Company. Both agreements were approved by the Interstate Commerce Commission and 
returned to the Court for a decision on which should be approved and consummated. The Soo’s Asset 
Purchase Agreement was approved by the Court, and the transactions contemplated by the Asset Purchase 
Agreement were closed on February 19, 1985.

As a result of these programs and transactions, the asset and debt restructuring of the Debtor is virtually 
complete. Evaluations of remaining non-rail properties and the planned sale of the remaining rail properties 
will continue prior to the Consummation Date. However, no further property dispositions or restructuring is 
required for the discharge of the Debtor from the reorganization proceeding, and the return to the 
stockholders of a company with substantial cash, other properties and assets, and essentially no debt.

As of the Consummation Date the assets of the Reorganized Company will consist principally of cash, 
securities and interests in real property. Various plans for the development and implementation of a business 
plan for the utilization of these assets could be proposed. The Trustee has chosen not to propose any specific 
business plan for the Reorganized Company in this Plan as he believes this is a matter which is better left to 
the new management and stockholders of the Reorganized Company.
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2.2 Description of Plan

Most of the Estate’s obligations to the United States government and other obligations relating to the 
operation of the core system have been assumed by Soo. The assumed obligations include outstanding 
indebtedness issued punuant to Sections 505 and 511 of the Railroad Revitalization and Regulatory Reform 
Act of 1976, together with the obligations under the Debtor’s Series I Redeemable Preference Stock. The 
remaining Allowable Claims will be paid in cash, to the extent practicable on or before the Consummation 
Date No Claim will be satisfied by the issuance of securities

On the Consummation Date the remaining assets of the Estate will be returned to the Debtor, which w ill 
continue in existence as the Reorganized Company. After the Consummation Date the Reorganized 
Company will continue making cash payments to creditors entitled to payment, out of the Segregated 
Account.

2.3 Basis for Proposal of Plan
2.3(a) Resources and Application

As of June 30, 1985 the Trustee held approximately $263,000,000 in cash and cash equivalents in the 
property escrow accounts established by orders of the Court, together with approximately $28,000,000 in tax 
benefit transfer escrow accounts. In addition the Milwaukee Land Company held as of that date approxi­
mately $100,000,000 in cash and cash equivalents. After giving effect to the estimated results of the Estate's 
operations to July 31, 1985, and assuming no significant sales of properties during that period, approximately 
$393,000,000 will be available as of July 31, 1985 for payment of Allowable Claims. Allowable Claims as of 
July 31, 1985 are shown on the attached Exhibit I and are estimated to be approximately $205,000,000. .After 
payment of all Allowable Claims, a significant amount of cash and cash equivalents together with various 
interests in real properties, including approximately 63,000 acres of real estate and timber properties, will be 
available for transfer to the Reorganized (Company in satisfaction of the stockholders’ interests. Assuming no 
significant property sales subsequent to June 30, 1985, the Trustee also estimates that the Reorganized 
Company will have available as of the Consummation Date, after giving effect to the expenses of completing 
the reorganization, a net operating loss carryover in excess of $252,000,000, which may be used to offset 
future taxable income of the Reorganized Company and its parent Chicago Milwaukee Corporation. These 
tax benefits, if not utilized, will expire in varying amounts from 1995 through 2000 The Trustee also 
estimates that the Reorganized Company will have available unused investment tax credits as of the 
Consummation Date of approximately $24,000,000. These credits will be available to offset future federal 
income tax liability of the Reorganized Company and Chicago Milwaukee Corporation. These credits will, if 
not utilized, expire in varying amounts from 1989 through 1998.

2.3(b) Schedule for Distribution to Creditors

Between the Confirmation Date and the proposed Consummation Date, the Trustee will pay Allowable 
Claims that are not disputed, together with fees and expenses approved in accordance with Section 9.1 below .

III. CLASSIFICA’nON OF CLAIMS AND STOCKHOLDERS’ INTERESTS 

3.1 Classification

For the purposes of this Plan, the classification of Claims and the interests of the Debtor’s stockholders is 
as follows:

3.1 (a) Class A: Expenses of Administration: Class A consists of Allowable Claims (other than Claims 
in Classes B and D) which are treated as expenses of administration, including Claims of the Debtor’s 
employees under the January 1, 1982 Wage Reduction Agreement, Claims of state and local taxing 
authorities for taxes, special assessments and other governmental charges relating to the Post-Petition period, 
and Pre-Petition personal injury claims.

3.1(b) Class B: Debentures: Class B consists of Allowable Claims of the holders of the Debtor's 
Debentures.

' '
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3.1(c) Class C: General Unsecured Claims: Class C consists of Allowable Claims (other than the 
Claims in Classes A, B and D) which are unsecured, including Pre-Petition Claims of general trade creditors 
and Pre-Petition tax Claims, rejected contract claims and traditional labor protection claims.

3.1(d) Class D: Fees and Expenses: Class D consists of the fees and expenses approved in accordance 
with Section 9.1 below.

3.1(e) Class E: Preferred Stock: Class E consists of the interests of the holders of the Debtor’s Preferred 
Stock.

3.1 (f) Class F: Common Stock. Class F consists of the interests of the holders of the Debtor's Common 
Stock.

IV. DESCRIPTION OF THE REORGANIZED COMPANY

4.1 The Reorganized Company

For convenience, simplicity and economy in carrying out this Plan, the Debtor will continue in existence 
as the Reorganized Company. Prior to the Consummation Date the Debtor’s articles of incorporation will be 
amended to change its corporate name. This change is required by the Asset Purchase Agreement.

4.2 Capitalization of the Reorganized Company

The Reorganized Company will retain the same equity structure as the present Debtor. The equity 
structure of the present Debtor is the same as that of the Debtor prior to reorganization, except that the 
Debtor's Series I Redeemable Preference Shares were cancelled and the underlying obligations assumed by 
the Soo punuant to the Asset Purchase Agreement. All capitalized debt and other obligations of the Debtor 
which were not assumed by the Soo will be discharged or paid prior to the Consummation Date. No new 
securities will be issued by the Reorganized Company as part of the Plan.

4.3 Assets of the Reorganized Company

As of the Consummation Date the Reorganized Company will be vested with, and will be legal and 
beneficial owner of, all assets of the Debtor as of that date (subject to the applicable restrictions on assets 
retained in the Segregated Account and assets retained in the tax benefit transfer escrow referred to in Section 
2 3 above), including books, files, records and other papers relating to the reorganization proceeding which 
are determined by the Trustee to belong to the Debtor. The Reorganized Company’s ownership of all its 
assets will be free and clear of all liens and encumbrance of any kind or character, except as provided in the 
Plan or by order of the Court.

4.4 Management of the Reorganized Company

The by-laws of the Debtor provide for a number of directors between 9 and 14. Prior to the 
Consummation Date the Trustee will recommend to the Court the appointment of 9 individuals to serve as 
directors until the first meeting of shareholders of the Reorganized Company. Prior to the Consummation 
Date the Trustee will continue to manage the affairs of the Estate, subject to the control of the Court. The 
Trustee’s staff presently consists only of employees of Soo who work at the offices of the Trustee on a contract 
basis in accordance with the Asset Purchase Agreement. Prior to the Consummation Date, the Trustee 
anticipates that some permanent employees may be retained. In general, however, the identification and 
employment of a permanent staff and management will be the responsibility of the Reorganized Company.

V. SATISFACTION OF CLAIMS AND STOCKHOLDERS’ INTERESTS 

5.1 Treatment of Claims and Interests

For purposes of this Plan, the treatment of Claims and the interests of the Debtor’s stockholders is as 
follows, subject to changes directed or authorized by the Court.



5.1(a) Classes A, B and C: Creditors’ Claims: The Allowable Claims in Classes A. B and C will be 
paid in cash, with interest as provided in Section 5.3 and Section 5.4, as soon as practicable after the 
Confirmation Date.

5,1 (b) Class D; Fees and Expenses: Fees and expenses approved by the C^urt as Class D Allowable 
Claims punuant to Section 9.1 below will be paid in cash on or before the Consummation Date.

5.1(c) Class E: Preferred Stock The holders of the interests of Class E will continue as holders of the 
preferred stock of the Reorganized Company. Ortificates outstanding as of the (Consummation Date will 
continue to evidence the same number of shares of Preferred Stock of the Reorganized Company.

5.1(d) Class F; Common Stock The holders of the interests in Class F will continue as holders of the 
common stock of the Reorganized Company. (Certificates outstanding as of the Consummation Date will 
continue to evidence the same number of shares of (Common Stock of the Reorganized (Company.

5.2 Method of Distribution

After the (Confirmation Date the Trustee will begin distributions to creditors. The Trustee will establish a 
Distribution Date for each class of Claims, which wjll be the earliest date on which the holders of Allowable 
Claims in that class are entitled to receive payment under the Plan. Different Distribution Dates may be fixed 
for different classes of Claims. The Distribution Dates will in no event be later than the Consummation Date

The Trustee before the (Consummation Date and the Reorganized (Company after the (Consummation 
Date will distribute the payments to the holders of Allowable Claims under the Plan on and after the 
applicable Distribution Dates. Distributions to holders whose Claims are finally allowed, settled or adjudh 
cated fpllowing the Distribution D^te shall take place in t^ tanner set forth in Sectionsand gXfPisputes 
as to the allowability, amount or classification of any Claim shall not delay distributions with respect to 
undisputed Claims, subject to the provisions of Section 5.5 below. Distributions to creditors will be made" 
against delivery of certificates, properly endorsed with signature guaranteed with respect to Class B Claims, 
and against appropriate forms of release and satisfaction required by the Trustee with respect to all other 
Claims.

5.3 Calculation of Interest

Each allowable Claim will be entitled to interest, calculated as provided in this Section and Section 5 4 
below. Interest and related charges will be calculated at the rates provided by the Plan from a date a Claim is 
liquidated until (1) the Distribution Date, in the case of Claims finally allowed, settled or adjudicated prior 
to the applicable Distribution Date, or (2) the date of payment, in the case of other Claims. The liquidation 
date shall be deemed the date upon which the principal amount of the Claim is asrertainahle from the 
Trustee's records. With respect to Claims which were liquidated prior to December 19, 1977, the liquidation 
date shall be deemed December 19, 1977.

5.4 Interest Rate

Interest with respect to Class A and Class C Claims will be calculated in accordance with Section 5.3 
above at the rate of seven and one half percent (7‘/i% ) per annum, without compounding, from the date of 
liquidation to February 19, 1985. From February 20, 1985 to the Distribution Date (in the case of Claims 
finally allowed, settled or adjudicated prior to the applicable Distribution Date), or to the date of payment 
(in the case of other Claims) interest will be calculated at the rate of interest currently being earned on the 
funds of the Estate held in escrow accounts in the name of the Trustee. The current rate of 8.5% shall be 
applied from February 20 through September 1, 1985. The Trustee, the E^btor or clainwnts entitled to 
interest may make application ioliave this_rate altered prospectively for peri^ beginning after ^ptember 1. 
1985 in the event the interest then being earned on funds of the fiistate should warrant a change.

Interest with respect to Class B Claims will be paid as follows:

(a) Interest at the rate of five percent per annum, without compounding, will be paid on the 
principal amount of the Debentures beginning on January 1, 1976, and continuing every year or portion
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of a year thereafter until the Distribution Date for Class B Claims, regardless of whether the Debtor had 
Available Net Income as that term is used in the Indenture;

(b) Each unpaid annual installment of interest (as set forth in subparagraph (a)) shall itself 
constitute an Allowable Claim, which shall bear interest at the rates specified in Section 5.4 of the Plan 
for Class A and C Claims, beginning on the date each installment was due, and continuing every year or 
portion of a year thereafter until the Distribution Date for Class B Claims; and

(c) Except as provided in subparagraphs (a) and (b), no other interest shall be paid on the 
principal of the Debentures or on the unpaid installments of interest.
Interest is not applicable to the interests of the holders of the Debtor's Preferred and Common Stock 

(Class E and Class F Claims).

5.5 PreOonditioo to Distributions Pursuant to the Plan
Except as otherwise provided in agreements made by the Trustee and approved by the Court, no 

claimant of any class shall be entitled to any distribution pursuant to this Plan unless all claims which the 
Debtor or the Trustee has against the claimant or any affiliate of the claimant are settled or discharged.

5.6 Claims Undetermined as of Consummation Date
Claims in favor of the Debtor and the Trustee not settled or determined prior to the Consummation 

Date will be assumed and enforced by the Reorganized Company. Any Allowable Claim against the Debtor 
or the Trustee which is filed prior to the applicable bar date described in Section 9.1, 10.2 or 11.2 below and 
included in a class entitled to participation under the Plan which has not been finally settled or adjudicated 
prior to the Consummation Date shall be entitled to be treated under this Plan as if it had been settled or 
adjudicated prior to the Consummation Date. The obligations of the Trustee and the Reorganized Company 
to the holders of these Claims will be limited to the participation provided in the Plan. This Section 5.6 shall 
not be interpreted as affecting the date of liquidation of a Claim for purposes of calculating the amount of 
interest payable on that Claim.

5.7 Segregated Account
As of the Consummation Date, cash or cash equivalents in an amount to be determined by the Trustee 

with the approval of the Court will be deposited in an escrow account (the "Segregated Account”) for the 
purpose of securing and effecting payment of Allowable Claims not paid nr.settled.by thjit da^. Funds in the 
Segregated Account shall be invested consistent with the directions and limitations to be provided by Court 
order. Income earned wth r«pect to the funds in the S^egated Arcount shall be paid to the Reorganized 
Company.

After the Consummation Date funds in the Segregated Account will be used at the direction of the 
Reorganized Company only to pay Allowable Claims, and will not be subject to withdrawal for any other 
purpose without prior approval of the Court. The principal amount of funds to be maintained in the 
Segregated Account may be modified from time to time upon application to the Court by the Reorganized 
Company. The Segregated Account will continue in existence until the termination of the right to receive 
payment under the Plan in accordance with Section 5.8 below. Any funds remaining at that time will be 
transferred to the Reorganized Company free of the restrictions of the Segregated Account and free and clear 
of any right, title, and interest of any other person or entity, the escheat or abandoned property laws of any 
state to the contrary notwithstanding.

5.8 Termination of Right to Receive Payment Under the Plan

The righb of all security holders, crediton and claimants to receive payment under this Plan will 
terminate five years after the Consummation Date or, as to Claims asserted as of the Consummation Date but 
not finally settled or adjudicated until after the fourth aimiversary of the Constunmation Date, one year after 
the date of finaJ settlement or adjudication. The holders of Allowable Claims who do not deliver certificates, 
properly endorsed with signature guaranteed, for cancellation with respect to Class B Claims or appropriate
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forms of release and satisfaction required by the Trustee with respect to all other claims within the time 
specified in this Section 5.8 will not be entitled to participation under the Plan.

, VI. EXECUTORY CONTRACTS

6.1 Rejection and Participation Under the Plan

Prior to the Consummation Date the Trmtee will from time to time file with the Court exhibits listing all 
the executory contracts to be rejected as part of the Plan in accordance with Section 77(b) of the Bankruptc> 
Act. On the Consummation Date the contracts listed in those exhibits will be rejected effective as of 
December 19, 1977, the date of the filing of the Debtor’s petition for reorganization under Section 77. All 
executory contracts not listed in the exhibit to be filed with the Court have been assumed by the Soo or other 
parties pursuant to agreements with the Trustee or will be adopted by the Trustee as of December 19, 1977 
and will become obligations of the Reorganized Company, to be performed in accordance with their terms 
Claims arising out of rejected executory contracts will be treated as Class C Claims. The Trustee shall give 
notice prior to or as of the Consummation Date to all parties to rejected contracts in a form prescribed by the 
Court.

6.2 Discharge of Obligations Under Elxecutory Contracts Assumed by Others

The Trustee, the Debtor and the Reorganized Company shall be discharged from all obligations which 
have been awnmed by in/»liiding ^ under agreements with the Trustee entered into during the
pendency of the reorganization proceedings, and from all claims based on or arising out of a failure to 
perform those obligations. Claims with respect to or arising out of those obligations are disallowed and are not 
included as Claims subject to treatment under the Plan. The holders ol these claims ShaiTnot receive the
notice prescribed in Section 6.1 above with respect to the rejection of executory contracts.

VII. VESTING OF ASSETS AND DISCHARGE 

7.1 Property to Be Vested Free and Clear of Liens

S-1,1

All property, when conveyed to the Reorganized Company, will be free and clear of all liens and claims 
against the Debtor and the Trustee, except as otherwise specifically provided in this Plan or by Court order 
The Court may require the Trustee, the Debtor, the trustee of any instrument securing any obligation of the 
Debtor, any mortgagee, and any other proper and necessary parties, to make transfers, conveyances or 
satisfactions of mortgages in recordable form, and may require the Debtor to join in the transfers, 
conveyances or satisfactions which are necessary to expedite the Consummation and the vesting of title in the 
Reorganized Company.

7.2 Discharge of Obligations

All liabilities and obligations of the Trustee and the Debtor, all claims (whether asserted or not) and all 
liens, security interests and encumbrances on the property of the Debtor, will be discharged as of the 
Consummation Date, except as expressly provided in this Plan or by order of the Court.

Vni. EXECUTION OF THE PLAN 

8.1 Approval and Confirmation of the Plan

After hearings as provided in Section 77(e) of the Bankruptcy Act, held on June 24, 25, 27 and July 12. 
1985, the Court on July 12, 1985 entered Order 832 modifying the plan filed by the Trustee on May 1. 1985, 
approving and confirming the Plan and authorizing the Trustee to proceed with Consummation.



8.2 Consummation Procedure

The Debtor and the Trustee, subject to the supervision of the Court, have the authority to carry out the 
Plan and the orders of the Court relating to the Plan in accordance with their respective terms, 
notwithstanding any contrary laws of any state or the decision or order of any state authority. The Trustee 
will promptly proceed with the Consummation and generally to wind up the reorganization proceedings. 
The Trustee will have the authority to take ail steps necessary or appropriate to Consummation, including 
provision for staff, disposition of assets of the Estate, and other action considered by the Trustee to be 
necessary or appropriate to insure that the funds required for Consummation are available when required 
and that the other assets of the Estate are appropriately managed. The Trustee will determine all forms, 
instructions, letters of transmittal, and similar instruments used in effecting distributions under the Plan.

8.3 Employment of Agents

In the Consummation of the Plan, the Trustee may employ agents, transfer agents, registrars, trustees, 
depositories, exchange agents, accountants, attorneys, financial advisors, and others as he considers necessary 
or appropriate The Trustee may from time to time delegate to others any power or discretion conferred 
upon him by the Plan.

8.4 Retention of Jurisdiction by the Court

The Court will retain exclusive jurisdiction under Section 77 of the Bankruptcy Act over the assets dealt 
with by the Plan, and over any persons appearing in the reorganization proceedings, for the purposes of 
determining any Claims asserted by or agaiiut the Debtor or the Trustee, construing any order in respect of 
the Plan, carrying out and giving effect to the provisions of the Plan and the orders confirming the Plan, 
fixing terms and conditions relating to Consummation, and entering the final decree. The Court may cure 
any defect, supply any omission, or reconcile any inconsistency in the manner and to the extent necessary or 
expedient in order to carry out the Plan effectively. On the Consummation Date, the reorganization 
proceedings will be terminated, and a final decree will be entered by the Court pursuant to Section 77(f) of 
the Bankruptcy Act discharging the Trustee and closing the case, subject to the reservation of jurisdiction by 
the Court as provided in this. Section 8.4.

IX. FEES AND EXPENSES

9.1 .Allowance of Fees and Expenses.

.After Confirmation the Court will consider applications for allowance of fees and expenses to the 
Trustee, his staff and counsel, and other parties claiming fees and expenses pursuant to Paragraphs (c)(2) 
and (c)(12) of Section 77 of the Bankruptcy Act, other than fees and expenses previously approved by the 
Court, whether or not paid. These applications are required to be filed on or before August 5, 1985 and will 
be referred to the Special Master previously appointed in these proceedings for hearing beginning on 
September 4, 1985. The Special Master will report his recommendations to the Court on or. before September 
30. 1985 and the Court will issue a final order or orders awarding fees and expenses on or before October 31, 
1985 .Applications submitted under this Section shall reflect requests for allowance of fees through the 
Consummation Date except that applications by the Trustee and his counsel for fees and expenses from 
.August 1, 1985 through the Consummation Date may be filed with the Court not later than five days prior to 
the Consummation Date.

X. DISCHARGE OF TRUSTEE

10.1 Discharge as of Consummation Date

.As of the Consummation Date the Trustee shall be discharged and his bond released, and he shall be 
relieved of any further duties and responsibilities (other than the preparation and filing of a final report) in 
respect of the administration of the property or the conduct of the business and affairs transferred to the 
Reorganized Company on the Consummation Date.

8
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10.2 Bar Date for Claims Against Trustee

Any claim or action of any nature arising prior to the Confirmation Date against the Trustee 
individually, arising out of the conduct of his office as Trustee, must be filed with the Court and served upon 
the Trustee and all parties in interest not later than sixty days after the Confirmation Date or be forever 
barred. Any such claim which arises after the Confirmation Date but prior to the Consummation Date shall 
be filed with the Court and served upon the Trustee and the Reorganized Company not later than thirty days 
after the Consummation Date or be forever barred. Any such claim or action shall be in writing and shall 
state with particularity the nature of the claim or action and the relief sought. Notice of the bar dates 
established in this Section 10.2 shall be published in The Wall Street Journal (national edition) not later than 
ten days after the Confirmation Date and not later than ten days prior to the Consummation Date, 
respectively.

XI. BAR OF CLAIMS AGAINST TRUSTEE AS TRUSTEE, THE DEBTOR OR THE ESTATE

11.1 Bar Dates
In accordance with Orders 201 and 265, certain Pre-Petition Claims which were not filed with the 

Trustee on or before January 9, 1980 are barred and are not subject to treatment under this Plan. Pre-Petition 
and Post-Petition Claims against the Trustee in his capacity as Trustee, the Debtor or the Estate which have 
been filed in a form not satisfactory to the Trustee, or which have not been previously filed and are not 
barred by Orders 201 or 265, must be filed with the Court and served upon the Trustee not later than 60 days 
after the Confirmation Date or be forever barred. Any such Claim arising after the Confirmation Date but 
prior to the Consummation Date must be filed with the Court and served upon the Reorganized Company 
not later than 30 days after the Consummation Date or be forever barred. Not later than ten days after the 
Confirmation Date the Trustee shall give notice of the first bar date provided in this Section 11.1 by mail to 
all claimants whose filings are not satisfactory to the Trustee, and to all persons or entities who the Trustee 
reasonably believes have a Claim against the Trustee in his capacity as Trustee, the Debtor or the Estate 
which has not previously been filed and is not barred by Orders 201 and 265. On or before the 
Consummation Date the Trustee shall give notice of the second bar date established in this Section 11.1 by- 
mail to all persons or entities who the Trustee reasorubly believes have a Claim against the Trustee in his 
capacity as Trustee, the Debtor or the Estate which has not previously been filed and is not barred by Orders 
201 and 265 or by the first bar date established in this Section 11.1. Notice of the bar daces established in this 
Section 11.1 shall be published in The Wall Street Journal (national edition) not later than ten days after the 
Confirmation Date and not later than ten days prior to the Consummation Date, respectively. ^ :

y"’ y •

11.2 Scope of Bar

The bar dates provided in Section 11.1 apply to all Claims, including Claims for contribution or 
indemnity existing as of the Confirmation Date and the Consummation Date, respectively. The bar dates 
provided in Section 11.1, however, do not apply to claims for contribution or indemnity based on facts that 
are unknown, undisclosed and unasserted as of the Confirmation Date or the Consummation Date, 
respectively. Claims arising prior to the Consummation Date based on personal injury or death to any person 
who was a minor at the time of occurrence, as determined under the laws of the State of which he or she was 
then a resident, may not be asserted against the Reorganized Company unless timely filed by a person having 
the responsibility over the legal affairs or guardianship of that person. Claims which were the subject of 
lawsuits filed prior to the Consummation Date but which are not pending on the Consummation Date may 
not be reasserted subsequent to the Consummation Date, even if dismissal of the lawsuit was without 
prejudice and the time permitted for refiling has not run. The notices given in accordance with Section 11.1 
above shall contain the information set forth in this Section 11.2.
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XII. MISCELLANEOUS

12.1 Statement or Explanation Not Warranty or Representation

No statement or explanation contained in this Plan constitutes a warranty or representation or a 
condition to the binding effect of this Plan upon confirmation by the Court upon any creditor or claimant. No 
defect or error in this Plan, and no change in the estimates and assumptions underlying the allocation and 
distribution of payment as outlined in this Plan will release any creditor or claimant from the terms of and 
obligations under this Plan.

12.2 Notice

Whenever notice is to be given under this Plan, the Court will designate the time within which, the 
persons to whom, and the form and manner in which the notice will be given. ,\11 notices will be given bv the 
Trustee.

12.3 Table of Contents and Section Headings Not Controlling

The table of contents and the section headings contained in this Plan are for convenience only and will 
not control the meaning or interpretation of this Plan or any of its provisions.

12.4 Exhibit

The following exhibit is attached to and made a part of this Plan.

Exhibit I. Estimated Schedule of Allowable Claims.

Respectfully submitted,

Rich.ard B. Ogilvie

Trustee of the Property of the 
Chicago, Milwaukee, St. Paul and Pacific 
Railroad Company, Debtor.
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EXHIBIT I

ESTIMATED SCHEDULE OF ALLOWABLE CLAIMS* 
(dollar amounts stated in millions)

This schedule contains estimates of the aggregate amounts of Allowable Claims. Actual payments to be 
made pursuant to Court orders may vary from these estimates. Additionally, this schedule is subject to 
revision as a consequence of disputed claim settlements and accounts receivable offsets

Uuudited 
Esiinutrd 

CUim Ki o(
CUis Description of Claim 7/31/&5

Expenses of Administration

A Provisions for continuing administration and deferred pxKt-petition expenses........... $ 7:0

A Post-petition taxes*...................................................................................................... 5.7

A Pre-petition personal injury claims*............................................................................ 3.5

A Claims under Wage Reduction Agreement^............................................................... 35.0

Unsecured Claims 

B Income Debentures

—princii>al................................................................................................... 55.6

—interest..................................................................................................... 35.1

—total.......................................................................................................... 90.7 90 7

C Pre-petition trade creditors

—principal................................................................................................... 32.9

—interest..................................................................................................... 18.9

—total........................................................................................................... 51.8 51.8

C Pre-petition taxes*...................................................................................................... 5.4

C Rejected contract claims............................................................................................. 3.0

C Traditional labor protection claims* ^...................................  2.5

Total Allowable Claims^................................................................................. ..................

Notes

1. Does not include Class D Claims

2. Exclusive of any interest.

3. Exclusive of any payroll tax obligations, if applicable. In the event of payroll tax liability, such taxes could 
amount to approximately $7.9 million.
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IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF ILLINOIS 

EASTERN DIVISION

In the Matter of )
)

CHICAGO, MILWAUKEE, ST. PAUL ) 
AND PACIFIC RAILROAD COMPANY, )

)
Debtor. )

In Proceedings for 
the Reorganization of 
a Railroad

No. 77 B 8999
Thomas R. McMillen, Judce

a

ORDER NO.

Upon consideration of the matter of the sale, 

pursuant to Sections 4 and 5(b) of the Milwaukee Railroad 

Restructuring Act ("MRRA"), notice having been given to all 

parties, of the Rail Assets, as defined in and pursuant to 

an Asset Purchase Agreement dated April 6, 1984, as amended 

(the "APA"), to be entered into between Richard B. Ogilvie, 

not personally, but solely as trustee ("Trustee") of the 

property of the Chicago, Milwaukee, St. Paul and Pacific 

Railroad Company ("Milwaukee") and the Soo Line Railroad 

Company, a Minnesota corporation ("Soo"), and SLRCO, Inc., c 

Minnesota corporation ("SLRCO"), the Court, acting as the 

Court of Reorganization for the Milwaukee pursuant to Sec­

tion 77 of the Bankruptcy Act of 1898 and pursuant to Sec­

tion 4 and Section 5(b) of the MRRA finds and concludes as 

follows:



01607

-2-

1. Soo and SLRCO filed an application with the 

Interstate Conmierce Conunission (t*.e "Commission") seeking 

approval of a purchase of the Rail Assets. In addition, 

Chicago and North Western Transportation Company ("CNl’l") 

filed its application seeking the purchase of essentially 

similar assets.

2. The Commission rendered its decision on 

September 26, 1984 with respect to the application of Soo 

and SLRCO to purchase the assets specified in the APA. That 

decision, inter alia, approved the application pursuant to 

Section 11344(b) of the Interstate Commerce Act, Section 

5(b) of the MRRA, and Section 77 of the Bankruptcy Act of 

1898. The Commission served its further decision with 

respect to CNW's modified application on January 11, 1985, 

which decision incorporated certain portions of its Sep­

tember 26, 1984 decision.

3. The Court has heEES" the evidence adduced, theA
arguments of counsel, and the oral and written applications 

of various parties in interest seeking review of and com­

menting upon the Commission's September 26, 1984 and January 

11, 1985 decisions, including those of the Trustee, Bur­

lington Northern Railroad Company, Chicago Milwaukee Cor­

poration, Escanaba and Lake Superior Railroad Company, First 

National Bank of Chicago (as Indenture Trustee), Grand Trunk 

Corporation, Bruce E. Hendry ind Mobil Oil Corporation, the
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Commission, LaSalle National Bank (as Successor Corporate 

Trustee), the City of Milwaukee, Wisconsin, CNW, the Chicago, 

Milwaukee, St. Paul and Pacific Railroad Bond and Debenture 

Holders Protective Committee (the "Protective Committee"), 

Railway Labor Executives' Association, Soo, States of Iowa, 

Minnesota and Wisconsin Departments of Transportation, the 

United States, United Transportation Union Local No. 528 ,' 

Wisconsin Power and Light Company, Green Hills Regional 

Planning Commission, North Dakota Public Service Commission, 

Seaboard System Railroad, Inc., Harold E. Spencer, Peter N. 

Todhunter and Richard James Stevens, State of Missouri,

South Dakota Department of Transportation, Coalition to Save 

The Milwaukee and "Certain Employees for the Milwaukee".

4. Section 5(b)(2) of the MRRA empowers this 

Court to review the order of the Commission entered under 

that Section only under Sections 706 (2) (A), 706 (2)(B),

706(2) (C), and 706 (2) (D) of title 5 of the United States 

Code. The Commission has certified to this Court the full 

record of proceedings before it in connection with the 

decision of September 26, 1984 and the decision of January 

11, 1985. The Court has considered and reviewed the find­

ings and decisions of the Commission filed with this Court, 

pursuant to the requirements of those sections. The Court 

has further considered the allegations of error contained in
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the petitions for review and comments and has found that the 

Commission's findings and decisions should be and are approv­

ed by this Court, since the findings and decisions were in 

accordance with law and were not arbitrary, capricious, an 

abuse of discretion, contrary to constitutional right, 

power, privilege or immunity, in excess of statutory juris­

diction, authority or limitations, short of statutory right,

or without observance of procedure required by law.
t u s'"

5. The Court has hna»A the evidence adduced, the 

arguments of counsel, and the oral and written argiiments of 

various parties in interest expressing a preference for or 

objecting to the approval of the sale to either the Soo and 

SLRCO or CNW, including those of the Trustee, Burlington 

Northern Railroad Company, Chicago Milwaukee Corporation, 

Escanaba and Lake Superior Railroad Company, First National 

Bank of Chicago (as Indenture Trustee), Grand Trunk Corpora­

tion, Bruce E. Hendry and the Mobil Oil Corporation, LaSalle 

National Bank (as Successor Corporate Trustee), the City of 

Milwaukee, Wisconsin, North Dakota Public Service Commis­

sion, CNW, the Protective Committee, Railway Labor Execu­

tives' Association, Soo, States of Iowa, Minnesota and 

Wisconsin Departments of Transportation, Stickney Corpora­

tion, the United States, United Transportation Union Local 

No. 528, Wisconsin Power and Light Company, Green Hills 

Regional Planning Commission, Seaboard System Railroad,

'V
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505 and 511 of the Railroad Revitalization and Regulatory 

Reform Act of 1976, and Section 7 of the MRRA. The estate 

also is liable to the DOT under the terms of its Series I 

Redeemable Preference Shares issued in 1977 prior to the 

Milwaukee's filing for reorganization. The Trustee's obli­

gations under the above Trustee Certificates and under the
NPreference Shares rmr^ be assumed at closing by Soo and SLRCO 

in the manner provided in the APA.

8. The purchase of the Rail Assets together with 

prior purchases approved by this Court constitute the pur­

chase of substantially all of the Milwaukee Railroad for 

purposes of Section 7(h)(1)(B) of the MRRA (as amended by 

section 701(c)(1) of the Staggers Rail Act of 1980), 45 USC 

§906(h)(1)(B), and all obligations to the United States or 

any agency or instr\imentality of the United States incurred 

pursuant to Section 7 of the MRRA by the Milwaukee or the 

Trustee, including Trustee Certificates 1980 A and B are 

waived and cancelled.

9. The sale of the Rail Assets and the assign­

ment and assumption of the trackage agreements, joint 

facilities and operating rights over segments of the rail 

properties now operated by the Trustee are in the public 

interest (as determined by the Commission and affirmed by 

this Court) and are in the best interest of the estate as
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foxind by this Court. The assignment and assumption of the 

trackage agreements, interests in or agreements with respect 

to joint facilities, leases, operating rights and all other 

rights and interests of the Trustee being assigned pursuant 

to the APA will not effect a termination of the Trustee's 

rights and interests under the contracts, leases and agree­

ments granting those rights and interests, and those rights 

and interests are assignable to Soo and SLRCO in

accordance with the terms of the APA, and notwithstanding 

any provisions in any such contracts, leases or agreements 

to the contrary.

10. Section 5 of the MRRA mandates that the Court 

require the carrier to provide a fair arrangement at least 

as protective of the interests of employees as that required 

under Section 11347 of title 49 of the United States Code.

In prior sales of lines of railroad pursuant to Section 5, 

the Court imposed "Appendix B Conditions’* (report of the 

Special Master dated February 20, 1980) which were found to 

be as protective as statutorily required and consistent with 

both the scheme and language of the MRRA by the Court of 

Appeals for the Seventh Circuit in Matter of Chicago, 

Milwaukee, St. Paul & Pacific Railroad Company, Consolidated 

Appeals of Railway Labor Executives' Association, 658 F.2d 

1149 (7th Cir. Aug. 17, 1981), cert, den. 455 U.S. 1000 

(Mar. 8, 1982) .
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11. Section 5 of the MRRA does not require that 

labor protective conditions be imposed with respect to 

employees of The Milwaukee Motor Transportation Company, and 

the Court finds that such conditions aria unneirBBgJfBjii '

12, The additional findings and conclusions of 

law, not inconsistent with the provisions of this Order, ■ 

made pursuant to Rule 52 by the Court orally on February 8, 

1985, are incorporated in this Order by reference and made a 

part of this Order.

NOW, THEREFORE, IT IS ORDERED, ADJUDGED AND 

DECREED as follows:

1. That the sale and assignment to Soo and 

SLRCO, in accordance with the APA and this Order, of the 

Trustee's right, title and interest in the Rail Assets are 

approved and confirmed in all respects. The Rail Assets 

shall, upon conveyance, be free and clear of all liens, 

security interests, claims and encumbrances, of whatever 

nature, whenever arising, including without limitation those 

arising from federal, state and local tax claims or liens, 

those arising from that certain First Mortgage dated as of 

January 1, 1944 with Continental Illinois National Bank and 

Trust Company of Chicago, Indenture Trustee, and the General 

Mortgage dated as of January 1, 1944 with Harris Trust and 

Savings Bank, Indenture Trustee, and all mortgages supple­

mental thereto, except only liens, security interests,

•n

(
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claims and encumbrances created by, or specifically per­

mitted to remain on the Rail Assets pursuant to, the APA.

2. That the Trustee is authorized and directed 

to execute promptly and deliver to Soo and SLRCO the APA, to 

consummate promptly the sale as set forth in the APA and to 

execute and deliver on or as soon as practicable after the 

Closing Date (as defined in the APA), all deeds, bills of 

sale, assignments, certificates of title, and other docu­

ments, and to take such other actions, as shall be required 

or appropriate to effectuate the transactions contemplated
*

by the APA, including to the extent necessary under the cir­

cumstances as determined by the Trustee, modifications to 

the APA or the transaction required to result in a fully 

taxable transaction, so that for federal income tax purposes 

gain or loss will be fully recognized by the Milwaukee on 

the consummation of the sale, and that the net operating 

loss carry forwards and tax credits available to the Mil­

waukee immediately prior to the closing of the sale will 

be preserved to the Milwaukee.

3. That the Trustee is authorized and directed 

to assign to Soo or SLRCO, as appropriate, all of his rights 

under contracts as provided by the APA.

4. That the Trustee is authorized and directed 

to assign to Soo or SLRCO, as appropriate and in accordance 

with the APA, all of the trackage agreements, joint facili-
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ties and operating rights necessary for Soo or SLRCO, as the 

case may be, to operate the Railroad (as defined in the APA).

5. That the Trustee is authorized and directed 

to assign to Soo or SLRCO, as appropriate, all labor con­

tracts (including collective bargaining agreements) with 

respect to employees of the Trustee required by the APA to 

be offered employment by Soo or SLRCO.

6. That Soo and SLRCO, or either of them, assume 

each of the obligations and liabilities arising under the 

contracts or agreements assigned by the Trustee in accord­

ance with paragraphs 3, 4 and 5 of this Order. In addition, 

Soo and SLRCO, or either of them, shall assume the Trustee's 

obligations under the Wage Deferral Agreement and the last 

two sentences of Paragraph 2b of the Wage Reduction Agree­

ment, as specified in the APA as modified in the December 4, 

1984 letter agreement between the Soo and the Trustee, the 

obligations of the Trustee under the Trustee Certificates 

issued to DOT and the Federal Financing Bank pursuant to 

Sections 505 and 511 of the Railroad Revitalization and 

Regulatory Reform Act of 1976 or Section 7 of the MRRA 

(excluding Trustee Certificates 1980 A and B), the obliga­

tions with respect to the Series I Redeemable Preference 

Shares, the obligations of the Trustee with respect to any 

labor conditions im.pcsed with respect to the transactions 

contemplated by the APA and other obligations and liabilities



016^^-'

-11-

of the Trustee to be assumed by Soo and SLRCO, or either of 

them, pursuant to the APA. After the Closing (as defined in 

the APA), all obligations and liabilities of the Trustee to 

be assumed by Soo or SLRCO in accordance with this Order or 

the APA and not otherwise discharged shall be the sole 

obligation of Soo or SLRCO, or both, as the case may be, and 

the Trustee and the Milwaukee shall be relieved from any and 

all liabilities in connection with or arising out of such . 

obligations except as expressly may be provided otherwise by 

the APA, whether occuring after the Closing or arising out 

of the conveyance or assignment; provided, however, the 

foregoing shall not impose on Soo or SLRCO any liability or 

obligation not imposed upon or assumed by them in accordance 

with the terms of the APA.

7. That all prepetition obligations and debts of 

the Trustee and Debtor and its subsidiaries to Soo and its 

subsidiaries are cancelled. In addition, all outstanding 

debts and obligations of the Trustee and Debtor and any of 

its subsidiaries arising out of facilities embargoed or 

abandoned prior to Closing are cancelled. '

8. That the sale, transfer and assigment of the 

Rail Assets is without warranties, representations or guar­

anties of any kind, expressed or implied, except as specifi­

cally stated in the APA.

(■
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9. That upon consummation of the transactions 

contt^nplated by the APA, all common carrier obligations of 

the Trustee and Debtor be assumed by Soo and SLRCO, and 

shall cease as to the Trustee and Debtor.

10. Subject to the agreement of Soo and SLRCO 

with representatives of employees to labor protection con­

ditions at least as protective as those specified below, the 

conditions contained in Appendix B to the Report of the 

Special Master dated February 20, 1980 are adopted for the 

protection of employees of Soo and Milwaukee Road affected 

by the transactions contemplated by the APA; Section 4(e) is 

included therein as specified in Order No. 276B; Appendix B 

is also modified as provided in Order No. 409A. Notwith­

standing the foregoing, no labor protective conditions are 

imposed with respect to the employees of The Milwaukee Motor 

Transportation Company.

11. That the Court shall retain jurisdiction over 

this matter for the purpose of.implementing and carrying out 

the APA and resolving any disputes arising under or with 

respect to the APA, this Order or the Closing. The ICC 

shall have such continuing jurisdiction over this trans­

action as is by law vested in it.

12. That the rights, claims, liens and interests 

of any creditor of, or claimant against, the Debtor's estate 

which are not assumed by Soo or SLRCO in accordance with
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this Order or adjudicated by this Order as applying to the 

Rail Assets which are sold, transfered or assigned pursuant 

to this Order shall be, upon the Closing, transferred from 

the Rail Assets to the net proceeds of the sale; such net 

proceeds shall, until further order of this Court,be de­

posited and retained in the existing trust account bearing 

the designation "Escrow Agent Account" No. 13-01043-4 at the 

Continental Illinois National Bank and Trust Company of 

Chicago and shall be invested pursuant to this Court's Order 

No. 536 in accordance with instructions from the Trustee or 

a person designated by him.

13. That following the closing of the sale and 

pending the earlier of (i) further order of this Court, (ii) 

the date on which this Order authorizing the sale shall not 

have been reversed and no further appeal may be taken by any 

party or (iii) 90 days after the Closing Date, Soo and SLRCO 

are directed to conduct the operations of the Railroad, (as 

defined in the APA), and to maintain the Rail Assets, sub­

ject to additions and dispositions in the ordinary course, 

on a basis reasonably designed to account for the operations 

of the Railroad and the identification of the Rail Assets 

subsequent to their transfer to Soo and SLRCO.

14. All requests for relief pertaining to the 

subject matter of this Order not otherwise granted by this 

Order shall be considered denied.
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15. Directions contained in this Order shall be 

carried out forthwith.
Dated;

ENTER

v L'XijL^
loftas R. McMillen 

United States District Judge

:pr.
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JUDGMENT IN A CIVIL CASt

B^niteb States Bistrict Court DISTRICT NORTHERN DISTRICT OF ILLINOIS 
________ EASTERN DIVISION

CASE title

IN THE MATTER OF THE CHICAGO, 
MILWAUKEE, ST.yPAUL AND PACIFIC 
RAILROAD COMPANY,

Debtor

DOCKET NUMBER
77 B 8999

NAME OF JUDGE ORHMXitXKaeX

THOMAS R. MC MILLEN

G Jury Verdict. This action came before the Court and a jury with the judicial officer named above presiding. 
The issues have been tried and the jury has rendered its verdict.

S Decision by Court. This action came to inekm hearing before the Court with the judge (rjogj^jrate) named 
above presiding. The issues have been tried or heard and a decision has been rendered.

IT IS ORDERED AND ADJUDGED

{-

the sale and assignment to Soo and SLRCO, in accordance with the APA 

and this order, of the Trustee's right, title and interest in the Rail 

Assets are approved and confirmed in all respects.

ClESK

H. STUART CUNNINGHAM
O- -£
Feb. 19, 1-B

:Bvide=utv c_£pk



IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF ILLINOIS 

EASTERN DIVISION

IN THE MATTER OF; )
)

CHICAGO, MILWAUKEE, ST. PAUL ) 
and PACIFIC RAILROAD COMPANY, )

)
Debtor. )

In Proceedings for the 
Reorganization of a 
Railroad

No. 77 B 8999
Thomas R. McMillen, Judge

ORDER NO. 832

Upon consideration of the Trustee's 1985 Plan of 

Reorganization (the "Plan"), due notice having been given to 

creditors, stockholders and other parties in interest in 

accordance with this Court's Order No. 811, the Court, 

acting as Court of Reorganization for the Debtor pursuant to 

Section 77 of the Bankruptcy Act of 1898, as amended ("Section 

77"), finds and concludes as follows;

1. The Chicago, Milwaukee, St. Paul and Pacific 

Railroad Company, the Debtor in this proceeding, a Wisconsin 

corporation, filed on December 19, 1977 its petition to this 

Court to effect a plan of reorganization under Section 77.

A copy of that petition was filed at the same time with the 

Interstate Commerce Commission (the "Commission"). This 

Court has jurisdiction over the proceedings pursuant to 

Section 77.
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2. The Court approved the petition as properly 

filed on December 20, 1977. Stanley E.G. Hillman was 

appointed trustee of the property of the Debtor on the 

February 13 , 1978 . Mr. Hillm.an was succeeded as Trustee by 

Richard E. Ogilvie on August 20, 1979. Mr. Hillman from the 

date of his appointment until August 20, 1979, and Mr.

Ogilvie from that date until the present time, have continued 

in the possession and control of the property and assets of 

the Debtor and their operation.

3. On March 31, 1983, the Trustee filed with the 

Court an Amended Plan of Reorganization for the Debtor, 

which was referred to the Commission by order of this Court. 

After due notice and hearings, the Commission, in orders 

served September 26, 1984, and January 11, 1985, approved a 

modified version of the Trustee's plan.

4. On February 19, 1985, this Court, in Order 

No. 809, approved the sale of the Debtor's operating rail 

assets to the Soo Line Railroad Company and its affiliate 

The Milwaukee Road Inc. , form.erly SLRCO, Inc. (collectively 

"See") pursuant to the term.s of an Asset Purchase Agreement 

("APA") between the Trustee and Soo.

5. On April 10, 1985 the Commission, upon petition 

of the Trustee, issued a decision in which it ruled that
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further modifications to the Trustee's Ariended Plan need nor 

be considered by the Commission.

6. On May 1, 1985, the Trustee filed with this 

Court his 1985 Plan of Reorganization for the Debtor (the 

"Plan"). The Plan recognized the sale of the operating 

assets to Soo but otherwise incorporated the essential 

provisions of the plan approved by the Commission. After 

due notice to creditors, stockholders and other parties in 

interest was given in accordance with Order No. 811, this 

Court held hearings, received evidence, and heard the 

arguments of counsel wishing to be heard on June 24, 25 and 

27, 1985 for the purpose of considering approval and con­

firmation of the Plan.

7. Objections to the Plan and supporting briefs 

were filed by various parties in interest, including the 

Debtor and CMC; Soo; The United States of America; Chicago, 

Milwaukee, St. Paul and Pacific Bond and Debenture Holders 

Protective Committee ("Committee"); The First National Bank 

of Chicago (the "Indenture Trustee"); Stickney Corporation

("Stickney") ; Pullman Leasing Com.pany, GATX Corporation, 

Fruit Growers Express and Union Tank Car Company ("Trade 

Creditors"); Railroads as Creditors ("Interline Railroads"); 

Chessie System Railroad Co. ("Chessie"); Grand Trunk Western 

Railroad Co. ("GTW"); Harris Bank ("Harris") jointly with 

Continental Bank ("Continental") ; Messrs. Spencer, Todhunter 

and Stevens ("Spencer"); Elroy G. Schoeneck; Railway Labor
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Executives' Association ("RLEA"); Organization of Minority 

Vendors, Inc, ("OMVI"); Seaboard System Railroad, Inc. 

{"Seaboard"); Iowa Interstate Railroad, Inc. ("Iowa Interstate’’); 

certain Counties of the State of Iowa ("Iowa Counties"); J.

Howard Brosius; John M. Medvetz; William E. Bromsen, as 

Trustee for certain preferred stockholders; and Blake H.

Schubert, as attorney for unidentified preferred stockholders. 

Oral objections were propounded at the hearings by the 

Escanaba and Lake Superior Railroad ("E&LS").

8. At the hearings, the following objections 

were withdrawn;

(a) the objection of the Debtor and CMC to the 

provisions in Sections 6.1 of the Plan con­

cerning the procedure for rejection of 

executory contracts; and

(b) the objection of the Committee which had 

sought provision in the Plan for lost, stolen 

or misplaced certificates.

Seaboard withdrew its objections with respect to the provisions 

in the Plan concerning discharge of claims assumed by Soo 

and concerning bar dates and notice, while reserving its 

right to object to the proposed modifications to those 

provisions that were to be filed with the Court by the 

Trustee, the Debtor, CMC and Soo.
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9. On June 27, 1985 the Trustee, the Debtor,

CMC, and certain creditors filed proposed modifications to 

Sections 5.3 and 5.4 of the Plan, concerning the rates and 

the method of calculation of interest on Class A eind Class C 

claims. On July 1, 1985 the Trustee, Soo, the Debtor and 

CMC filed proposed modifications to Sections 5.8, 10.2, 11.1 

and 11.2 of the Plan, concerning discharge of claims, bar 

dates and notice. Due notice was given of these modifications 

and the time for filing of objections.

10. The Court has considered the certified 

record of proceedings before the Commission, the Commission's 

decisions of September 26, 1984, January 11, 1985 and April 10, 

1985, the Plan, the objections to the Plan and proposed 

modifications filed with the Court and propounded orally at 

the hearing, the briefs filed by various parties, the 

evidence adduced at the hearings, and the arguments of 

counsel wishing to be heard.

11. With respect to the Committee's request for 

discovery with respect to the value of the Debtor's assets, 

the Court finds:

a. The Committee is not entitled to further
discovery pursuant to Bankruptcy Rule 8-705. 
Rule 8-705 does not apply to proceedings 
relating to approval or confirmation of a 
Section 77 plan of reorganization. Such 
proceedings are governed by Bankruptcy Rule 
8-304;

b. Section 77 and Bankruptcy Rule 8-304 do not 
contemplate ^ novo hearings before this 
Court with respect to valuation issues 
considered or which could have been considered
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by the Comriission, and accordingly there is 
no justification for allowing further discovery 
with respect to valuation issues, which could 
have been raised before the Commission.
Ecker v. Western Pacific Railroad Corp., 318 
U.S. 448, 473 (19T3T1

Sufficient information with respect to value 
has been made available to the Committee in 
the certified record of the proceedings 
before the Commission, in publicly filed 
documents, and in interrogatory answers filed 
by the Trustee. The Court accordingly finds, 
in the exercise of its discretion to control 
discovery, that there is no justification for 
further discovery with respect to the issues 
raised by the Committee and that the record 
before this Court with respect to matters as 
to which discovery is sought is sufficient; 
and

The Court does not see the relevancy or benefit 
to be gained by the Committee by granting 
further discovery. The request for discovery 
and for a continuance of the approval and 
confirmation hearing is therefore denied.

Bar Dates and Discharge of Claims 

12. With respect to the objection of the United 

States of America seeking provision in the Plan for claims 

arising out of the government debt assumed by Soo under the 

APA, the Court rules that Order No. 809 relieved the Trustee 

from all obligations and liabilities with respect to the 

government debt assumed by Soo, and that the claims of the 

United States under that government debt accordingly are not 

entitled to treatment in the Plan.



13. With respect to the objection of RLEA seeking 

provision in the Plan for employees' claims under the Wage 

Deferral Agreement approved in this Court's Order No. 551, 

the Court finds that Order No. 809 relieved the Trustee from 

all obligations and liabilities with respect to those claims, 

which accordingly are not entitled to provision in the Plan.

14. With respect to the oral objection of E&LS

seeking treatment under the Plan for claims arising out of 

trackage rights agreements assigned to Soo under the APA, 

the Court finds that Order No. 809 relieved the Trustee from 

all obii liability arising out of trackage rights

agreements assumed by Soo, and that any-claims p£ E&b6
nrir.ing r /-'Kl ■; 4- .• ,-vrv ir-r. <• r. I ,r . . ^■i ■ 4-

iir '' -ir 1

15. With respect to OMVI's request for clarifi­

cation of the treatment of claims asserted by OMVI in an 

action now pending in the United States District Court for 

the Northern District of Illinois, Eastern Division, the 

Court finds that the Trustee's obligations with respect to 

those claims were assumed by Soo and that Order No. 809 

relieved the Trustee from all obligations and liabilities 

with respect to those claims, which accordingly are not 

entitled to treatment under the Plan.

16. With respect to the Iowa Counties' objection 

concerning the treatment of real property tax installments 

due after February 19, 1985, the Court finds that Order
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No. 809 relieved the Trustee from all obligations and lia­

bilities with respect to those taxes to the extent they 

relate to real property transferred to Soo, and that ac­

cordingly those claims are not entitled to treatment under 

the Plan. With respect to the Iowa Counties' other ob­

jections relating to treatment of claims for taxes and 

special assessments, the Court finds that the Plan adequately 

provides for those claims, to the extent they have not been 

assumed by Soo.

17. With respect to Iowa Interstate’s objections 

concerning bar dates for claims against the Trustee in his 

individual capacity the Court finds that the Plan provides 

fair and adequate opportunity for Iowa Interstate to assert 

any claims it may have against the Trustee individually.

18. With respect to Seaboard's objection to the 

provisions for the discharge of the Trustee upon consum­

mation, the Court finds that this objection is premature and 

should be denied without prejudice to Seaboard's right to 

object to discharge at the time discharge is considered by 

the Court.

19. The proposed modifications filed on July 1, 1985 

by the Trustee, Soo, the Debtor and CMC proposed that Section 

5.8, the last sentence of Section 10.2 and Section 11.1 and 

11.2 of the Plan be modified as follows:
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5.8 Termination of Right to Reveive Payment 
Under the Plan

The rights of all security holders, creditors and 
claimants to receive payment under this Plan will terminate 
five years after the Consummation Date or, as to Claims 
asserted as of the Consummation Date but not finally settled 
or adjudicated until after the fourth anniversary of the 
Consummation Date, one year after the date of final settlement 
or adjudication. The holders of Allowable Claims who do not 
deliver certificates, properly endorsed with signature 
guaranteed, for cancellation with respect to Class B Claims 
or appropriate forms of release and satisfaction required by 
the Trustee with respect to all other Claims within the time 
specified in this Section 5.8 will not be entitled to 
participation under the Plan.

10.2. Bar Date for Claims Against Trustee

.... Notice of the bar dates established in this 
Section 10.2 shall be published in The Wall Street Journal 
(national edition) not later than ten days after the Confirmation 
Date and not later than ten days prior to the Consummation 
Date, respectively.

XI. Bar of Claims Against Trustee as Trustee, 
the Estate'

the Debtor or

11.1 Bar Dates

In accordance with Orders 201 and 265, certain 
Pre-Petition Claims which were not filed with the Trustee on 
or before January 9, 1980 are barred and are not subject to 
treatment under this Plan. Pre-Petition and Post-Petition 
Claims against the Trustee in his capacity as Trustee, the 
Debtor or the* Estate which have been filed in a form not 
satisfactory to the Trustee, or which have not been previously 
filed and are not barred by Orders 201 or 265, must be filed 
with the Court and served upon the Trustee not later than 60 
days after the Confirmation Date or be forever barred. Any 
such Claim arising after the Confirmation Date but prior to 
the Consummation Date must be filed with the Court and served



upon the Reorganized Company not later than 30 days after 
the Consummation Date or be forever barred. Not later 
than ten days after the Confirmation Date the Trustee shall 
give notice of the first bar date provided in this Section 
11.1 by mail to all claimants whose filings are not satis­
factory to the Trustee, and to all persons or entities 
who the Trustee reasonably believes have a Claim against the 
Trustee in his capacity as Trustee, the Debtor or the 
Estate which has not previously been filed and is not barred 
by Orders 201 and 265. On or before the Consummation Date 
the Trustee shall give notice of the second bar date 
established in this Section 11.1 by mail to all persons 
or entities who the Trustee reasonably believes have a 
Claim against the Trustee in his capacity as Trustee, 
the Debtor or the Estate which has not previously been 
filed and is not barred by Orders 201 and 265 or by the 
first bar date established in this Section 11.1. Notice 
of the bar dates established in this Section 11.1 shall 
be published in The Wall Street Journal (national edition) 
not later than ten days after the Confirmation Date and not 
later than ten days prior to the Consummation Date, respectively.

11.2 Scope of Bar

The bar dates provided in Section 11.1 apply to 
all Claims, including Claims for contribution or indemnity 
existing as of the Confirmation Date and the Consummation 
Date, respectively. The bar dates provided in Section 11.1, 
however, do not apply to claims for contribution or indemnity 
based on facts that are unknown, undisclosed and unasserted 
as of the Confirmation Date or the Consummation Date, respec­
tively. Claims arising prior to the Consummation Date based 
on personal injury or death to any person who was a minor 
at the time of occurrence, as determined under the laws of 
the State of which he or she was then a resident, may not 
be asserted against the Reorganized Company unless timely 
filed by a person having the responsibility over the legal 
affairs or guardianship of that person. Claims which were 
the subject of lawsuits filed prior to the Consummation 
Date but which are not pending on the Consummation Date 
may not be reasserted subsequent to the Consummation Date, 
even if dismissal of the lawsuit was without prejudice and 
the time permitted for refiling has not run. The notices 
given in accordance with Section 11.1 above shall contain 
the information set forth in this Section 11.2.

The Court finds that these modifications represent a fair and

equitable settlement between the Trustee, the Debtor, CMC and

Soo, and that the Plan provisions, as modified, afford fair

and equitable treatment to claiirants and the Debtor's stockholders.

Accordingly, the Plan should be modified as preposed.
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20. With respect to the objections of the Conwattee 

and the Indenture Trustee concerning the interest payable on 

the Debentures, the Court finds for’ the reasons set forth in 

the Court's Order No. 831 that the second paragraph of 

Section 5.4 of the Plan should be modified to read as follows:

"Interest with respect to Class B Claims will 
be paid as follows:

(a) Interest at the rate of five percent per 
annum, without compounding, will be paid on
the principal amount of the Debentures beginning 
on January 1, 1976, and continuing every year 
or portion of a year thereafter until the 
Distribution Date for Class B Claims, regardless 
of whether the Debtor had Available Net Income 
as that term is used in the Indenture;

(b) Each unpaid annual installment of interest 
(as set forth in subparagraph (a)) shall 
itself constitute an Allowable Claim, which 
shall bear interest at the rates specified in 
Section 5.4 of the Plan for Class A and C 
Claims, beginning on the date each installment 
was due, and continuing every year or portion 
of a year thereafter until the Distribution 
Date for Class B Claims; and

(c) Except as provided in subparagraphs (a) and 
(b), no other interest shall be paid on the 
principal of the Debentures or on the unpaid 
installments of interest."

21. With respect to the suggestion of the Debtor 

and CMC that the original maturity date of the Debentures be 

reinstated, the Court finds that under Section 77’ this Court 

has the equitable power, in appropriate circumstances, to 

cure defaults under long-term debt instruments and to
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reinstate the original maturity date, but that under the 

circumstances of this reorganization, that exercise of this 

power with respect to the Debtor's Debentures is not appro­

priate.

22. The proposed modifications filed on July 27, 1985 

by the Trustee, the Debtor, CMC and certain creditors proposed 

that Section 5.3 and the first paragraph of Section 5.4 of 

the Plan be modified as follows:

5.3 Calculation of Interest

Each allowable Claim will be entitled to interest, 
calculated as provided in this Section and Section 5.4 
below. Interest and related charges will be calculated 
at the rates provided by the Plan from a date a Claim is 
liquidated until (1) the Distribution Date, in the case 
of Claims finally allowed, settled or adjudicated prior to 
the applicable Distribution Date, or (2) the date of pay­
ment, in the case of other Claims. The liquidation date 
shall be deemed the date upon which the principal amount 
of the Claim is ascertainable from the Trustee’s records.
With respect to Claims which were liquidated prior to 
December 19, 1977, the liquidation date shall be deemed 
December 19, 1977.

5.4 Interest Rate

Interest with respect to Class A and Class C Claims 
will be calculated in accordance with Section 5.3 above at 
the rate of seven and one-half per cent (7-1/2%) per annum, 
without compounding from the date of liquidation to 
February 19, 1985. From February 20, 1985 to the Distribu­
tion Date (in the case of Claims finally allowed, settled 
or adjudicated prior to the applicable Distribution Date), 
or to the date of payment (in the case of other Claims) 
interest will be calculated at the rate of interest cur­
rently being earned on the funds of the estate held in 
escrow accounts in the name of the Trustee. The current 
rate of 8.5% shall be applied from February 20 through 
September 1, 1985. The Trustee, the Debtor or claimants 
entitled to interest may ma)ce application to have this 
rate altered prospectively for periods beginning after 
September 1, 1985 in the event the interest then being 
earned on funds of the estate should warrant a change.
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With respect to these proposed modifications, the Court 

finds that:

a. The proposed modifications represent a fair 
and equitable settlement between the Trustee, 
the Debtor, CMC and most of the creditors 
filing objections to the rates and manner of 
calculation of interest provided in the Plan. 
The proposed modifications are the result of 
extended negotiations conducted by able and 
experienced counsel for the Debtor, CMC and 
the creditors who have been most active in 
these proceedings. In re Penn Central 
Transportation Co., J?4 F. Supp. 710, 715 
(E.D.Pa. 1972);

b. It is in the best interests of the Debtor, the 
Estate, and the creditors to have all these 
matters immediately and finally resolved. Id.

c. In light of the claims asserted, the pre­
vailing interest rates, the losses suffered 
by the Estate during the reorganization, the 
varying statutory rates that apply in states 
of residence of claimants, and the decision 
of the Rock Island reorganization court with 
respect to interest rates, the rates and 
method of calculation provided in the pro­
posed modifications are fair and equitable to 
all creditors in Classes A and C.

Accordingly, the Plan should be modified as proposed.

23. With respect to the claims of the United 

States and the Iowa Counties for interest and penalties on 

their claims for taxes at rates higher than the interest 

rates provided for other claims in Classes A and C, the 

Court finds that penalties are not properly assessable for 

delay of tax payments occasioned by the reorganization, ^ 

re Penn Central Transp. Co., 458 F. Supp. 1234, 1281 (E.D.

Pa. 1978); and that the interest rates provided in Sections 

5.3 and 5.4 of the Plan, as modified, are fair and equitable 

and are applicable to both sets of claims.
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24. With respect to the objections of Elroy G. 

Schoeneck seeking interest on Class A personal injury clain'.s 

at a rate higher than provided for other unsecured creditors, 

the Court finds that the priority status of the personal 

injury claimants does not entitle them to higher rates of 

interest on their claims, and personal injury claimants 

should accordingly receive interest at the same rates as 

other unsecured creditors.

25. With respect to the objections of Iowa 

Interstate seeking pre-judgment interest the Court finds 

that claims for pre-judgment interest are appropriately 

resolved as part of the resolution of disputed claims.

26. With respect to the objections of Harris and 

Continental seeking interest on advances, the Court finds 

that Harris, Continental and other indenture trustees and 

comm.ittees may assert their claims for interest on advances 

as part of the procedure provided in Section 9.1 of the Plan 

for allowance of claims for fees and expenses under Section 

77(e). Accordingly, the last two sentences of Section 5.4 

of the Plan should be deleted. This does not constitute a 

finding that they are entitled to interest. With respect to 

the oral objection of counsel for Stickney concerning the 

time for filing applications under Section 9.1 of the Plan, 

the Court finds that the Plan should be amended to provide 

that such applications may be filed on or before one week 

after uhe Trustee files his modified Plan in accordance with 

ordering paragraph 4 below.
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Other Objections of Creditors

27. With respect to the objections of RLEA, MDOT, 

Iowa Counties and Iowa Interstate concerning the Plan's 

treatment of disputed claims, the Court finds that:

a. Under Section 77 a plan of reorganization is 
not required to specify the resolution and 
treatment of each individual claim against 
the Estate, but to provide due recognition of 
the rights of each class of creditors; and

b. The Plan provides fair and adequate means for 
resolving disputed claims.

28. With respect to the objections of the Committee 

and Iowa Interstate concerning the adequacy of the Segregated 

Account to protect claimants whose claims are to be paid by 

the Reorganized Company, the Court finds that these objections

"remature, and accordingly should be denied without 

_udice to the rights of these claimants to seek appro­

priate provision for their asserted claims in the Segregated 

Account at the time it is established.

29. With respect to the request of the Committee 

and the Interline Railroads that the Plan be submitted to 

them, for voting, the Court finds that the Plan, as modified 

in accordance with this Order, will provide for cash payment 

to all creditors of an amount equal to the full value of 

their claims, and, in accordance with Section 77(e), need 

not be submitted for voting to any class of creditors.
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30. With respect to the objections of preferred 

stockholders, the Court finds that the Plan provides for no 

change in the interests of the preferred stockholders, but 

continues the rights of those stockholders in full force and 

effect, and accordingly the Plan provides fair and equitable 

treatment of their interests.

General Findings

31. The Plan, as modified in accordance with this 

Order, complies with the requirements of Section 77(b).

32. The Plan, as modified, 

is fair and equitable;a.
b.

c.

d.

affords due recognition to the rights of each 
class of creditors and stockholders;

does not discriminate unfairly in favor of 
any class of creditors or stockholders;

conforms to the requirements of the law 
regarding the participation of the various 
classes of creditors and stockholders; and

e. provides for the payment of all costs of
administration and all other allowances made, 
or to be made, by the Court.

33. The approximate amounts to be paid by the 

Debtor or the Reorganized Company for expenses and fees 

incident to the reorganization have been fully disclosed to 

the extent ascertainable, are reasonable, and are within 

such maximum limits fixed by the Commission. Additional 

amounts as may be required to be paid out of the Debtor's 

Estate or by the Reorganized Company for services performed
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and expenses and fees incurred incident to the reorganization 

and the Plan will be subject to the, approval of this Court.

34. The Plan, as modified in accordance with this 

Order, provides for the payment of all claims of the United 

States for taxes and the United States is not a creditor on 

any claims for customs duties.

35. The additional findings and conclusions of 

law, not inconsistent with the provisions of this Order, 

made pursuant to Rule 52 by the Court orally on June 24, 25 

and 27, 1985 are incorporated in this Order by reference 

and made a part of this Order.

NOW, THEREFORE, IT IS ORDERED, ADJUDGED AND DECREED 

AS FOLLOWS:

1. The Plan, with the modifications specified in 

the above findings, and with such other modifications as may 

be necessary to conform to the above findings, is hereby 

approved.

2. The Plan, as so modified, is hereby confirmed.

3. Objections to the Plan and the amendments 

proposed by the Trustee and other parties are allowed to the 

extent consistent with the above findings and the,modifications 

specified herein. All other objections to the Plan and the 

proposed modifications are denied.

4. That the Trustee is directed to file with the 

Court, on or before July 29, 1985, a modified Plan in conformity 

with this Order.



5. The Trustee is directed to provide notice by 

mail of the approval and confirmation of the Plan, as 

modified, to all parties on the Official Service List, and 

all creditors and stockholders. The Trustee is further 

ordered to publish, as soon as possible after filing with 

this Court a modified Plan, notice of the approval and 

confirmation once in The Wall Street Journal (national 

edition). The notices provided by mail and in The Wall 

Street Journal shall also contain notice of the bar dates 

for claims provided in the Plan.

ENTER

Uni tea States District Judge

DATED: JULi2 1S35
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IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF ILLINOIS 

EASTERN DIVISION

IN THE MATTER OF

CHICAGO, MILWAUKEE, ST. PAUL 
and PACIFIC RAILROAD COMPANY

Debtor. )

In Proceedings for the 
Reorganization of a 
Railroad

No. 77 B 8999
Prentice H. Marshall, Judge

ORDER NO. 866 

FINAL DECREE

Upon consideration of the Trustee's Motion for 

Entry of a Final Decree, filed pursuant to the Trustee's 

Modified 1985 Plan of Reorganization (the "Plan"), due 

notice having been given to creditors, stockholders and other 

parties in interest, the Court, acting as a Court of Reorgani­

zation for ‘che Debtor pursuant to Section 77 of the Bankruptcy 

Act of 1898, as amended ("Section 77"), finds and concludes 

as follows:

1. The Chicago, Milwaukee, St. Paul and Pacific 

Railroad Company, the Debtor in this proceeding, a Wisconsin 

corporation, filed on December 19, 1977 its petition to this 

Court to effect a plan of reorganization under Section 77.

A copy of that petition was filed at the same time with -the 

Interstate Commerce Commission (the "Commission"). This 

Court has jurisdiction over the proceedings pursuant to 

Section 77.
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2. The Court approved the petition as properly 

filed on December 20, 1977. Stanley E.G. Hillman was 

appointed trustee of the property of the Debtor on 

February 13, 1978. Mr. Hillman was succeeded as Trustee by 

Richard B. Ogilvie on August 29, 1979. Mr. Hillman from the 

date of his appointment until August 20, 1979, and Mr.

Ogilvie from that date, until the present time, have continued 

in the possession and control of the property and assets of 

the Debtor and their operation.

3. On March 31, 1983, the Trustee filed with the 

Court an Amended Plan of Reorganization for the Debtor, 

which was referred to the Commission by order of this Court. 

After due notice and hearings, the Commission, in orders 

served September 26, 1984, and January 11, 1985, approved a 

modified version of the Trustee's plan.

4. On February 19, 1985, this Court, in Order 

No..809, approved the sale of the Debtor’s operating rail 

assets to the Soo Line Railroad Company and its affiliate 

The Milwaukee Road, Inc., formerly SLRCO, Inc. (collectively 

"Soo") pursuant to the terms of an Asset Purchase Agreement 

("APA") between the Trustee and Soo.

5. On April 10, 1985, the Commission, upon petition 

of the Trustee, issued a decision in which it ruled that 

further modifications to the Trustee's Amended Plan need

not be considered by the Commission.



6. On May 1, 1985, the Trustee filed with this 

Court his 1985 Plan of Reorganization for the Debtor (the 

"Plan"). The Plan recognized the sale of the operating 

assets to Soo but otherwise incorporated the essential 

provisions of the plan approved by the Commission. After 

due notice to creditors, stockholders and other parties in 

interest was given in accordance with Order No. 811, this 

Court held hearings, received evidence, and heard the 

arguments of counsel on June 24, 25 and 27, 1985 and on July

12, 1985 for the purpose of considering approval and confirmation 

of the Plan.

7. On July 12, 1985, this Court entered its 

Order No. 832 modifying the Plan in certain respects and 

confirming and approving the Plan as modified.

8. The Plan authorizes and directs the Trustee 

to proceed with the consummation of the Plan, but provides 

for the retention of jurisdiction by this Court with respect 

to the consummation of the Plan, including the entry of

a final decree pursuant to Section 77(f) discharging the 

Trustee and closing the case, except as provided below.

9. The Trustee has substantially completed the 

consummation of the Plan and it is now appropriate for this 

Court to enter a Final Decree with respect to certain 

matters involved in the consummation of the Plan and on the 

discharge of the Trustee.
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NOW, THEREFORE, IT IS ORDERED, ADJUDGED AND 

DECREED AS FOLLOWS:

L. The "Consummation Date" for purposes of the 

Plan shall be November 25, 1985.

2. The APA and the Plan require the amendment 

of the Debtor's articles of incorporation to change its 

corporate name. The form of amendment to the Debtor’s 

articles of incorportion attached as Exhibit A is approved 

in all respects. The Trustee is authorized and directed to 

file that amendment with the appropriate officials in order 

to effect the change of the Debtor's name. The filing 

officer in the State of Wisconsin is directed to accept 

the amendment and to issue the appropriate certificate 

reflecting the change of the Debtor's name.

3. The following people, who have been recom­

mended by the Trustee as provided in the Plan, are appointed 

to serve as directors of the Reorganized Company until the 

first meeting of shareholders of the Reorganized Company:

Jack Nash Clarence G. Frame

Ezra H. Zilkha Robert C. Reed

Peter Sharp Edwin Jacobson

Leon Levy Daniel R. Murray

Jerold S. Solovy
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4. a. The Trustee has recommended and the 

Court approves the deposit at Consummation Date a total of 

$225,000,000 million (less the amount paid with respect to 

Allowable Claims prior to the Consummation Date) in the 

Segregated Account established by the Plan, and in the Appeal 

Escrow Account described in paragraph 4b below, with $129,200,898.58 

in the Segregated Account and $95,799,101.42 in the Escrow 

Appeal Account. Five days before the approved Consummation 

Date the Trustee shall file with this Court and serve on the 

parties a report showing the amount of Allowable Claims paid. 

prior to Consummation Date and the resulting amount required 

to be deposited in the Segregated Account. The Segregated 

Account, but not the Appeal Escrow Account provided for in 

paragraph 4b, shall be held pursuant to the form of Escrow 

Agreement attached as Exhibit B. The Escrow Agent shall be 

the Continental Illinois National Bank and Trust Company of 

Chicago or such other bank as may be designated from time to 

time by this Court. The Escrow Agent is instructed to pay 

money out of the Segregated Account only as provided in the 

Plan, this Order, or further orders of this Court, and to 

invest the Segregated Account as provided in paragraph 5.

The Reorganized Company is directed to pay Allowable 

Claims from the Segregated Account (or from other moneys if 

no money remains in the Segregated Account), as provided in 

Section 5.2 of the Plan, except for Class B Claims, which
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are provided for in paragraph 4b. The Reorganized Company 

IS also directed to pay the reasonable fees of the Escrow 

Agent for its services with respect to the custody of the 

Segregated Account.

b. In addition to the Segregated Account 

provided for in paragraph 4a, there is also established, 

pursuant to Order 858A, the Appeal Escrow Account of $95,799,101.42 

(established 10/16/85), as security for the Class B Claims 

until disposition of CMC's appeal and the Committee's cross­

appeal from Orders 831 and 832. The Appeal Escrow Account 

shall be held separate and apart from the Segregated Account 

and shall be subject only to the terms of Order 858A.

5. Amounts in the Segregated Account shall be 

invested in (i) direct obligations of the United States or 

obligations of agencies of the United States or obligations 

which are backed by the full faith and credit of the United 

States, (ii) certificates of deposit or similar debt obli­

gations of banking institutions, such as bankers' acceptances 

or repurchase agreements, of commercial banks insured by 

the Federal Deposit Insurance Corporation, (iii) direct and 

general obligations of any state which are rated in either 

of the two highest full rating categories by at least one 

nationally recognized rating agency, (iv) commercial paper 

rated not lower than P-1 or P-2 by Moody's Investors Service,

Inc., or not lower than A-1 or A-2 by Standard and Poor's
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Corporation, or (v) money market funds with fixed principal 

values and which invest only in instruments with credit 

ratings equivalent to those specified above. Investments 

shall be made at the direction of the Reorganized Company. 

Investment earnings on amounts in the Segregated Account may 

be paid out to the Reorganized Company as realized.

6. On the Consummation Date all right, title and 

interest of the Trustee in the property of the Estate shall 

vest in and become the absolute property of the Reorganized 

Com.pany, notwithstanding the laws of any state or the 

decision or order of any state authority to the contrary. 

Except as otherwise provided in this Order or in the Plan, 

the Reorganized Company shall take the property free and 

clear of all claims, rights, demands, interests, liens and 

encumbrances of every kind and character. The Trustee is 

authorized and directed to execute and deliver to the 

Reorganized Company a deed and bill of sale transferring all 

of the property of the Estate. The form of those instru­

ments shall be determined by the Trustee. All property and 

funds of the Estate held by persons other than the Trustee 

shall be delivered or paid over to the Reorganized Company, 

except (i) the Segregated Account and (ii) escrow accounts 

pertaining to Tax Benefit Transfer Leases which run in favor 

of the lessor.
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7. Except as provided in this Order or in the 

Plan, the Debtor, the Trustee in his representative capacity 

and the Reorganized Company shall be, as of the Consummation 

Date, released forever from: (i) all obligations, debts,

liabilities, claims and causes of action against the Debtor, 

whether or not filed or presented, whether or not approved, 

acknowledged or allowed in these proceedings and whether or 

not provable in bankruptcy, including without limitation all 

claims assumed or guaranteed by the Debtor or the Trustee or 

enforceable against the property of the Debtor; (ii) all 

obligations, debts, liabilities and claims arising from 

costs and expenses of administration, whether or not filed 

or presented and whether or not approved, acknowledged or 

allowed in these proceedings, including without limitation 

all taxes, assessments, claims and other charges of govern­

mental units or agencies, whenever assessed, accruing prior 

to the Consummation Date; and (iii) all obligations, debts, 

liabilities and claims with respect to all bonds, coupons, 

debentures, notes, certificates, evidences of indebtedness, 

shares of stock, securities and leases (including interest 

accrued and dividends declared), without limitation as to 

their nature and whether made, assumed or guaranteed by the 

Debcor or the Trustee or enforceable against any of them or 

the property of any of them.
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8. Notwithstanding paragraph 7 above, the 

Reorganized Company shall be liable and responsible for 

the payment of Allowable Claims after the Consummation Date 

as provided in Section 5.2 of the Plan, for those Allowable 

Claims described in Section 5.6 of the Plan, for its obli­

gations under contracts assumed by the Trustee pursuant to 

Section 6.1 of the Plan and for obligations of the Trustee 

arising during the administration of the Estate to the 

extent that the Trustee is bound by those obligations 

(including, without limitation, the Trustee's obligations 

under the APA and Order 809) , provided, however, that the 

Reorganized Company shall not be liable and responsible 

for claims against the Trustee in his individual capacity 

and, with respect to such claims, shall not indemnify the 

Trustee as provided hereinafter. The Reorganized Company 

shall indemnify the Trustee, his agents, attorneys and 

employees against any and all expenses (including attorney's 

fees), costs, fees, liabilities and fines arising out of the 

matters for which the Reorganized Company shall be liable as 

set forth in this Paragraph 8 or which pertain to or arise 

out of the administration of the Estate or the conduct of 

the reorganization proceedings, except where this Court 

determines that indemnification is inappropriate.

9. The Court reserves jurisdiction, which shall 

be exclusive to the extent that under applicable law the 

Court's jurisdiction is now exclusive:
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(a) To consider and act with respect to any Claim 

against the Debtor or the Trustee included in a class 

provided for under the Plan or with respect to any 

contingent claim (which shall not include claims 

against the Trustee in his individual capacity), 

asserted but not finally settled or adjudicated prior 

to the Consummation Date;

(b) To consider and act on any matter over which 

the Court now has jurisdiction and which has not been 

adjudicated, discharged or resolved prior to the Con­

summation Date (including questions and controversies 

arising under or with respect to the APA and Order 

809) ;

(c) To consider and act on any application for 

instructions with respect to the Segregated Account, 

including the distribution of funds from, and any claim 

upon, the Segregated Account;

(d) To consider and act with respect to the 

allowance of fees to the Trustee, his staff and counsel, 

and other parties pursuant to Section 9.1 of the Plan; 

and

(e) To consider and act upon any other matter as 

to which the Plan reserves jurisdiction in this Court.

10. The Reorganized Company is authorized and 

directed to file or record, in each of the jurisdictions in
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which it owns real property, a copy of this Order and the 

deed transferring the property of the Estate to the Reor­

ganized Company. The recording officer in each such juris­

diction shall accept those documents for recording. No 

tax (including stamp, conveyance, transfer and similar taxes) 

or other fee shall be imposed with respect to the conveyance 

of the property of the Estate to the Reorganized Company, 

except for ordinary and customary fees for the recordation 

of documents.

11. The APA provides that if all inaccuracies in 

deeds and other instruments of conveyance from the Trustee 

to the Soo have not been corrected prior to the consummation 

of the Plan, the Plan will contain provisions for continued 

correction of the deeds and other instruments of conveyance. 

Pursuant to the agreement of the parties to the APA, this 

Order, rather than the Plan, sets forth provisions for the 

continued correction of deeds and other instruments of 

conveyance. The APA also provides for certain adjustments 

to the purchase price for the Railroad. Soo has claimed that 

it is entitled to such an adjustment.

The Trustee and the Soo are authorized and directed 

to continue to negotiate in good faith, prior to the Consum­

mation Date, the settlement of disputes relating to the 

correction of deeds and other instruments of conveyance 

and the adjustment of the purchase price under the APA.
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If, by the Consummation Date, the Trustee and the Soo have 

not resolved those disputes, the Reorganized Company and the 

Soo shall, for 90 days following the Consummation Date, 

negotiate in good faith to settle the disputes. During the 

90 day period, neither the Reorganized Company nor the Soo 

shall sell, mortgage or encumber real property which immediately 

prior to the closing of the APA on February 19, 1985 was 

owned or operated by the Trustee and located within those 

states in which the Trustee conducted rail operations, 

without giving prior written notice to the other more than 

15 days prior to the proposed action. In the event of 

disagreement over a proposed action, either party may apply 

to this Court for appropriate relief. If no settlement of 

these matters has been completed by the end of that 90 day 

period, this Court shall hear and resolve the remaining 

disputes, and retains jurisdiction for that purpose.

12. Except as provided in this Order or the 

Plan, as of the Consummation Date, the Trustee shall be 

discharged and shall be relieved of any further duties and 

responsibilities in respect of the administration of the 

property or the conduct of the business of the -Debtor. The 

Trustee is forever discharged and released from any liability 

for any claim in his representative capacity which is barred 

pursuant to the Plan. His bond shall be released when all 

claims against him in his individual capacity are finally 

resolved and satisfied.
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13. All persons, firms, corporations and other 

entities, including without limitation the United States and 

state and local governmental bodies and agencies ("Entities"), 

are by this Order perpetually restrained and enjoined from 

instituting, prosecuting, or pursuing, or attempting to 

institute, prosecute, or pursue, any suit, action or pro­

ceeding ("Action") against the Reorganized Company (or its 

successors and assigns), or against any of the assets or 

property of the Reorganized Company (or of its successors 

and assigns), directly or indirectly, by reason of or on 

account of any obligation or obligations incurred by the 

Debtor or by the Trustee, except the obligations imposed 

upon or required to be assumed by the Reorganized Company by 

the Plan (including those claims filed pursuant to Section 

11.1 of the Plan which are ultimately determined to be Allowable 

Claims) or this Order. The Actions restrained and enjoined 

by this Order include, without limitation, those based upon 

or on account of any right, claim, judgment or interest of 

any kind or nature in, to, or against the Debtor or any of 

its assets or properties, or which interfere with, attach, 

garnish, levy upon, enforce liens against or upon, or in any 

manner disturb any portion of the property (real or personal) 

now or in the future belonging to or being in the possession 

of the Reorganized Company (or its successors and assigns), 

or which interfere with or take steps to interfere with the
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Reorganized Company, its officers, agents and employees, or 

the conduct of its business.

All Entities are also by this Order restrained and 

enjoined from prosecuting against the Trustee in his repre­

sentative capacity or against the Reorganized Company any 

Action arising out of or based on any act done or omitted to 

be done in consummating and carrying out the Plan or any 

order of this Court entered in these proceedings. Notwith­

standing any of the foregoing, nothing in this Order shall 

preclude the further prosecution of any appeal previously 

noticed and pending as of this date.

14. Except as provided in this Order, all juris­

diction of this Court in or by reason of these proceedings 

shall be terminated and these proceedings shall be closed 

effective as of the Consummation Dal

Dated 1985

District Judge
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CONSENT TO CORPORATE ACTION 
ON BEHALF OF SHAREHOLDERS OF 

CHICAGO, MILWAUKEE, ST. PAUL AND 
PACIFIC RAILROAD COMPANY

The undersigned being the Trustee of the Chicago, 

Milwaukee, St. Paul and Pacific Railroad Company, a Wisconsin 

corporation, does hereby, on behalf of the shareholders of 

the corporation otherwise entitled to vote thereon, and by 

order of the United States District Court for the Northern 

District of Illinois, adopt the following resolution as and 

for a resolution of the shareholders of the corporation as 

of the date hereof:

RESOLVED, that the articles of incorporation of 
Chicago, Milwaukee, St. Paul and Pacific Railroad 
Company shall be amended to change the name of the 
corporation to CMC Real Estate Corporation.

Dated: 1985

Richa^ B. OgilweV Trustee of 
the Chicago, Mi,/lwau]^e, St. Paul 
and Pacific Rairtroatf Company

On Behalf of all Shareholders of 
Chicago, Milwaukee, St. Paul and 
Pacific Railroad Company
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Escrow No.

ESCROW AGREE.MENT

To: Continental Illinois National Bank and Trust
Cor-.pany of Chicago 

Trust and Investment Services 
Corporate Trust Division, Escrow Section 
30 North LaSalle Street - 10th Floor 

. Chicago, Illinois 60693

The following property is deposited with you by 
the Trustee ("Trustee") of the Chicago, Milwaukee, St. Paul 
& Pacific Railroad Company ("Milwaukee Road"), Debtor pursue; 
to Court Order No.

A.

E .

The sum. of

Copy of Court Order No. 
("Final Decree")

C. Copy of the Trustee's Modified 1985 Plan of 
Reorganization. ("Plan")

As Escrowee, you are hereby directed to hold, de=; 
with and dispose of the aforesaid property and any ether 
property at any tim.e held by you hereunder in the following 
mianner, subject however, to the term.s and conditions herein­
after set forth:

1. You are instructed to invest all m.onies in 
this escrow account in only the following instruments with 
maturities of not micre than two years from, the date cf 
investm.ent:

(i) direct obligations of the United States or 
obligations of agencies of the United States or 
obligations which are backed by the full faith 
and credit of the United States;

(ii) certificates of deposit or similar debt 
obligations of banking institutions (including 
the Escrowee), such as bankers' acceptances or 
repurchase agreements, of commercial banks insured 
by the Federal Deposit Insurance Corporation:

(iii) direct and general obligations of any state 
which are rated in either of the two highest full 
rating categories by at lease one nationally 
recognized rating agency;
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cr(iv) ccTuTiercial paper rated not lower than P-;
P-2 by Moody's Investors Service, Inc., or not 
lower than A-1 or A-2 by Standard and Poor's 
Corporation, or

(v) money market funds with fixed principal 
values and which invest only in instruments with 
credit ratings equivalent to those specified 
above.

Any book entry securities in which the escrowed 
monies are invested pursuant to this Escrow Agreement shall 
be held in the Escrowee's custody account with the Federal 
Reserve Bank of Chicago and maintained separately on the 
books and records of the Escrowee in the name of the 
Reorganized Company (as defined in the Plan).

Any certificated securities, certificates of 
deposit or other certificated items in which the escrowed 
monies are invested shall be issued as registered in the. 
name of the Escrowee's nominee, and maintained separately 
on the books and records of the Escrowee in the name of the 
Reorganized Com.pany.

2. The specific instruments to invest in shall 
be designated from tim.e to time by the Reorganized Com.pany.
All undersigned parties shall receive a copy of the monthly 
activity statem.ent for the escrow account.

3. Interest shall be accrued and reinvested 
pursuant to Paragraph 1 above, or may be paid out as realized 
at the direction of the Reorganized Company.

4. The escrow shall be paid out pursuant to 
written directions of the Reorganized Company (as defined 
in the Plan) in accordance with the Plan, the Final Decree 
and subsequent Reorganization Court orders, including pzjrr.er.zs 
directly to the Reorganized Company for reimbursement of 
payments of Allowable Claim.s (as defined in the Plan) made by 
the Reorganized Company.

5. The reasonable expenses and fees, incurred 
in connection with the escrow account shall be paid by 
the Reorganized Company.

TERMS AND CONDITIONS

1. Your duties and responsibilities shall be 
lir.ited to those expressly set forth in these escrow in­
structions, and you shall net be subject to, ncr obliged t;

-2-
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recognize, any other agreement between, or direction or 
instruction of, any or all of the parties hereto provided, 
however, these escrow instructions may be amended at any 
time or times by order of the Reorganization Court.

2. You are authorized, in your sole discretion, 
to disregard any and all notices or instructions given by 
any of the undersigned or by any other person, firm or 
corporation, except only such notices or instructions as are 
hereinabove provided for or given pursuant to Reorganization 
Court orders. ...

,3. . .you shall not jjDe .personally liable for any
act taken or omitted hereunder if taken or omitted by you in 
good.faith and in the exercise of your own best judgment.
You shall also be fully protected in relying upon any 
written notice, demand, certificate or document which you in 
good faith believe to be genuine.

4. You shall not be required or have a duty to 
notify anyone of any payment or maturity under the term.s of 
any instrument deposited hereunder, nor to take any legal 
action to enforce payment of any check, note or security 
deposited hereunder. You shall have no liability to pay 
interest on any money deposited or received hereunder.

5. You shall not be responsible for the suf­
ficiency or accuracy of the form, execution, validity or 
genuineness of documents or securities now or hereafter 
deposited hereunder, or of any endorsement thereon, or for 
any lack of endorsement thereon, or for any description 
therein, nor shall you be responsible or liable in any 
respect on account of the identity, authority or rights of 
the persons executing or delivering or purporting to execute 
or deliver any such document, security or endorsement or 
these escrow instructions.

6. Any notices which you are required or desire 
to give hereunder to any of the undersigned shall be in 
writing and may be given by mailing the same to the address 
indicated below opposite the signature of such undersigned 
(or to such other address as said undersigned may have 
theretofore substituted therefor by written notification to 
you), by United States mail, postage prepaid. For all 
purposes hereof any notice so mailed shall be as effectual 
as though served upon the person of the undersigned to whom, 
it was mailed at the time it is deposited in the United 
States mail by you whether or not such undersigned there­
after actually receives such notice. Notices to you shall 
be in writing and shall not be deemed to be given until 
actually received by your trust department employee or

-3-
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officer who adr.inisters this escrow. Whenever under the 
terms hereof the time for giving a notice or performing an 
act falls upon a Saturday, Sunday, or holiday, such tim.e 
shall be extended to the next business day.

7. If you believe it to be reasonably necessary 
to consult with counsel concerning any of your duties in 
connection with this escrow, or in case you become involved 
in litigation on account of being escrowee hereunder or on 
account of having received property subject hereto, then in 
either case, your costs, expenses, and reasonable attorney's 
fees shall be paid by the Reorganized Company.

8. It is understood that you reserve the right to 
resign as Escrowee at any time by giving written notice of 
your resignation, specifying the effective date thereof, to 
the undersigned. Within 30 days after receiving the aforesaid 
notice, the undersigned agree to appoint a successor Escrowee 
to which you may upon Reorganization Court approval distribute 
the property then held hereunder, less your fees, costs and 
expenses. If a suocessor Escrowee has not been appointed
and has not aocepted such appointment by the end of the 30- 
day period, you may apply to the Reorganization Court for 
the appointment of a successor Esorowee, and the costs, 
expenses and reasonable attorneys’ fees which you incur in 
connection with such a proceeding shall be paid by the 
Reorganized Com.pany.

9. This escrow agreem.ent shall be construed, 
enforced, and adm.inistered in accordance with the laws of 
the State of Illinois.

10. The undersigned Escrowee hereby acknowledges 
receipt of the property described in the above Escrow Agreem.en 
and agrees to hold, deal with and dispose of said property 
and other property at any time held by it hereunder in 
accordance with the foregoing Escrow Agreement.

Chicago,
11. Executed this 31st day of October, 1985, at 
Illinois.

Parties to Escrow

Richard B. Ogilvie, Trustee of the 
Chicago, Milwaukee, St. Paul 
and Pacific Railroad (Debtor)

Addresses

547 W. Jackson Avenue 
Suite 1510
Chicago, Illinois 6C£:f

-4-
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Continental Illinois National Bar.:--, 
and Trust Company of Chicago, 
Escrowee

Executed in copies,

-5-
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SCHEDULE I

1. Acceptance Fee - $5,000.00

2. Annual Fee - $5,000.00 per year payable in arrears on 
November 1, 1986 and each subsequent November 1 during 
the term of escrow.

3. Transaction Fees and Out-of-Pocket Charges - in accordance 
with the printed schedule of fees attached to this 
Schedule I, as that schedule may be modified by the 
excrowee during the term of this escrow consistent with 
the escrowee's published fees.

-6-
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EXHIBIT E

DOCUMENTS RELATING TO 
TWIN CITY DISPOSAL
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TO: Jo« CrM
FROM: Kent Schonb«rg«r
DATE: February 27. 1969
SUBJECT: Further Infornetlon relative to HtlMiukee Railroad refuse being duaped

at Fig's Eye Landfill

Mr. Johnson froa the NIlMaukee Rellroad called ae on February 25* 1969. the 
saae day,.that I received your aeao wl,th regard to the circuastances about which 
he was asking.

1 told Mr. Johnson, as confiraed In your note, that we could tee no reason 
for having hold ups or delays In connection with their trucks duaping at Fig's lye 
and alto that wa would not have any objection to thea bringing In soae luaber, 
especially If this It being deposited In areas which the Milwaukee Railroad gave 
us for duap operations.

.... .V

Insofar as bringing the location In at a gate or driveway off their property,
Mr. Johnson feels this Is not necessary Inatauch as they would coae through the 
norsMl Fig's lye access road. This way their own Identified truck would be coaing 
In and I'a sure other than for record keeping purposes, you would let It In then 
without any charge for such duaping on the earlier stated basis of about four loads 
par day. ■

^ . i ■ : ■ ^ ■

Mr. Johnson also told ae that they often hire a private contractor, possibly 
Twin City Waste Disposal, to haul soae aaterlal froa an area further down toward 
their bus|>lng yards and that this amounts to about nine 17 yard compactor loads 
per month, or an average then of about one every second or third day. He told ae 
that at the present tiae the firm hauling this apparently Is paying the entrance 
fee and In turn the Railroad Is being billed this amount and he asked whether or 
not an arrangement could be pude for the Railroad to be rebated thet money. I ' 
explained that any type of rebate would be an almost Impossible thing once the money 
was within the City financial umbrella, but that If we had some completely clear and positive means of Identifying who wes bringing the aaterlal and that only those loads 
tdilch came from the Mllweukee Railroad would be allowed In, arrangeaents could likely 
be Mde between you, Mr. Johnson and the firm doing the hauling for a positive means 
of Identification, perhaps by some special tickets, signed slips or the like, we 
would allow the privete flra trucks hauling from the Milwaukee Yard properties only 
to come Into Fig's Eye also via the normal roadways and gate at no charge. Mr. 
Johnson will look further Into this matter and be In further contact with you or ae. 
This for your Information. r\

RS:aa
DEN
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EXHIBIT F

MAP SHOWING USES ON THE RAILROAD PARCEL
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